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SYNOPSIS 


The thesis entitled, "Electronic Interactions in 
Tetrapyrrole Pigments; Studies on Planar, Honplanar Porphyrins 
and Crowned phthalocyanines" , consists of seven chapters. 

The first chapter describes an overview of the literature on 
electron transfer and charge transfer Interactions in biological 
systems involving chlorophylls and metal loporphyr ins . In 

addition, the importance of nonplanar conformation of porphyrin 
systems in many biological systems are highlighted. 

The second chapter describes the general experimental 
techniques and methods employed for evaluation of physical 
parzuneters. There are four sections. Section 1 gives the 
details of the chemicals and purification methods. Section 2 
describes the synthesis of the precursor compounds for various 
porphyrins and phthalocyanines reported in this thesis. In 
section 3, a brief outline of the physico-chemical techniques 
employed and details of the Instruments used are given. In 
section 4, the methods of calculation of physical parameters are 
given . 

The third chapter presents the interaction of various 

24 * 2 + 2 + 

metalloporphyrins (M = Co , Zn and Cu ) and metallochlorin 
2 + 

(Co ) with an electron acceptor, 4, 6-dinitrobenzofuroxan (BFO). 

2 *^ 2 

It was found that Zn and Cu porphyrins form simple charge- 
transfer complex as a result of TT-TT interaction. In the case 
of cobalt (II) porphyrins the interaction of BFO leads to an 
electron transfer from Cobalt (II) to BFO resulting in the 


X 



formation of Cobalt (III) porphyrins and BFO radical. The rate 

of oxidation is found to be dependent on t-he porphyrin ring 

substituents as well as on the solvent mixture used. In the case 

of Cobalt (II) tetraphenylqhlorin (CoTPC), first the oxidation of 

Co(II)TPC to CodDTPP occurs and this is followed by metal 

oxidation to give bhe Cobalt(III) porphyrins. The oxidation of 

the Co (II) porphyrins and formation of the anion radical of BFO 

1 19 

has been monitered with ESR, optical, H and F NMR methods. 

The fourth chapter describes the interaction of 
metalloderivatives (Cu^^, Zn^^ and Co^^) of tetrakis(4-N- 
methylpyridyl ) porphyrin (MTMPyP) with electron donors. The 
donors used are Adenine, Guanine, Cytosine amd Thymine. This 
interaction is described interms of 1:1 molecular complexes. The 
binding constants evaluated from optical studies vary as CuTMPyP 
> ZnTMPyP with a given base and this variation is accounted 

intezms of structure of the macrocycle. The bindig constants for 

adenine complexes are larger than for cytosine complexes with a 
given metal loderi vat ive. The Co^^TMPyP undergoes oxidation to 
Co^^^TMPyP in the presence of molecular oxygen and adenine. £SB 
studies of the complexes reveal that the TT - complexation 

results in changes in the electronic structure of the central 

metal ion . 

The fifth chapter presents the synthesis, characterization, 

cation and solvent induced dimerization of metal lophthalocyanines 
2 + 2 + 

(MtCRPc; M = Ag , VO ) appended with four crown ether voids at 
3,4-positions. The optical and ESR studies indicated an 
electronic coupling between a pair of metal lophthalocyanine 
moieties in a cofacial geometry. The blue shifts in the optical 
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absorption spectrum on dimerization is explained on the basis of 
exciton theory. The ESR studies allowed em estimation of metal- 
metal distance. 

Chapter six describes the spectroscopic studies on nonplanar 
porphyrins both in the ground and excited states. The 
nonplanarity in the porphyrin skeleton is due to the introduction 
of short bridging groups across the porphyrin periphery. 
Specifically short chains containing para or meta xylyldioxy 
groups covalently linked at the ortho position of phenyl groups 
of 5,10,15,20 tetraphenylporphyrin (H 2 TPP) results in the 
formation of basket handle porphyrins with different structures.? 
Isomer I (cross-trans-linked) of para derivative (PSI) and isomer 
II (Adjacent-trans-linked) and isomer III (Adjacent-cis-linked) 
[MS 1 1 and MSI II] of meta derivative has been characterized by 
various spectroscopic methods. Electronic and NMR spectral 
studies indicate significant distortion of the porphyrin skeleton 
in these derivatives. ■ Protonation of free base derivatives 
resulted in a small blue shift of Q-bands inmarked contrast to 
unstrapped derivative and this has been attributed to the lack of 
conjugation between phenyl group and porphyrin plane because of 

restricted rotati<Pn of phenyl porphyrin bond,^ ‘The bridging 

O’ 

xylyl group does not Interfere with the axial ligation of metal 
derivatives (Co^^ and Zn^^) of MSII and MSIII.^ Electrochemical 
studies indicate easier oxidations and harder reductions for free 
base derivatives relative to the corresponding unstrapped 
derivative. The easier oxidations are attributed to the loss of 
coplanarlty due to distortion and the harder reductions are 
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attributed to destabilization of anions and dianions due to the 
lack of solvation, 

r 

The excited state properties of these basket handle 

2 + 

porphyrins and their Zn derivatives were determined by 
fluorescence and photoexcited triplet ESR methods. I Fluorescence 
spectral studies indicate that these porphyrins are less 
fluorescent than the parent H2TPP.^ This difference is ascribed 
to the enhanced rate of intersystem crossing from Sj ^ Tj and 
increased natural radiative life times. The rate of radiative 
fluorescent decay roughly follows the molar extinction 
coefficient of the lowest energy Q-band. The estimated excited 
state potentials suggests that the cross-trans-linked isomer 
(PSI) is a better electron donor in the first excited singlet 
state. Zero field splitting parameters D and E of the three 
isomers calculated from photoexcited triplet ESR spectra show 
small but significant differences and this has been attributed to 
the distortion of the porphyrin plane caused by introduction of 
short bridging group. The electron spin polarization (ESP) 
pattern remain same as in H2TPP indicating the usual spin orbit 
coupling mechanism for Intersystem crossing. All these spectral 
data indicates that considerable distortion is present in the 
porphyrin skeleton upon introduction of short bridging groups. 

The seventh chapter gives the sunmary of the investigations 
carried out in this thesis. 
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CHAPTER 1 


GENERAL INTRODUCTION 

The electronic interactions in biological systems are known. 
Electronic interactions involved in biological systems are 
broadly classified into two major types; (i) interaction between 
Chromophore (usually chlorophylls, Pheophytin, porphyrins and 
metalloporphyrins) and planar organic “W -system containing 
electron withdrawing groups (electron acceptors) or electron 
releasing groups (electron donors) which results in the formation 
of charge -transfer complex (molecular complex). The major 
stabilization for these complexes arises from the TT-TT 
interaction between the donor and the acceptor. This is 
possible when electron donor and acceptor are positioned face to 
face which are separated by Van der Waals distance. A weak TT-TT 
interaction between porphyrin donor (D) and organic acceptor (A) 
results in the formation of charge transfer complex. 

D + ^ [DA] 1.1 

On the other hand a strong TT-TT interaction between donor and 
acceptor results in the transfer of electron from donor to 
acceptor resulting in the formation of charge separated species. 

D + A x D'*' a" 1.2 

(ii) Interaction between two identical chromophores (porphyrins, 
chlorophylls or phthalocyanines ) oriented in a face to face 
geometry separated by Van der Waals interaction level. This 
results in the coupling between two TT- systems disturbing the 
IT - electron distribution. 


In this thesis, the electronic interactions described above 
has been studied using porphyrins, metal loporphyrins and crowned 
phthalocyanines and conventional electron acceptors and 
donors. This thesis is divided into three parts as follows; 
Part I describes the interaction between planar metalloporphyrins 
and electron acceptor/donors. Formation of both charge -transfer 
complexes and the charge-separated species as a result of 
complete electron transfer has been observed. Part II describes 
the electronic interactions between the two chromophores 
(metallo crowned phthalocyanines) which are oriented in a face to 
face geometry separated by distance of about 4.5 to 5A*^. The 
face to face orientation in this species are induced by addition 
of alkali cations and some specific solvent compositions. The 
spectroscopic changes observed upon dimer formation in these 
systems has been explained on the basis of exciton formalism. 
Part III of the thesis describes the effect of nonplanarity in 
the porphyrin skeleton on the ground and excited state 
properties . The nonplanarity in porphyrin skeleton is due to 
the introduction of a short bridging group across the porphyrin 
periphery. It has been shown that the electron donating 
capability of a porphyrin skeleton increases both in the ground 
and excited state in a nonplanar conformation relative to its 
planar structure. 

Before a detailed discussion of the results of this thesis, 
a brief survey of the various aspects of (a) Charge -transfer 
complexes, (b) electron-transfer reactions and (c) importance of 
nonplanar conformation of a tetrapyrrole pigments in biological 
systems are given in the following sections. 



1.1 CHAROE-TRANSFER COMPLEXES: 


A wide variety of association products of two or more 
molecules come under the general term "charge -transfer Complex". 
The reversible association of two neutral molecules with 
interactions greater than Van der Waals forces, possessing 
definite stoichiometry, but not causing too much change in the 
properties of the components would be an appropriate operational 
definition for a charge-transfer complex. 

The first most obvious property is the transfer of charge 
from one molecule to another. Electron and charge- transfer 
are vitally important in biology. The biochemistry of these 
systems is still unclear but charge-transfer complexing is a 
possible method by which molecules in such processes could 
receive and pass on charge. There is no invivo evidence for such 
complexes although many molecules or their analogues, thought to 
be active in these systems, can form charge- trzmsfer complex 
invitro . The charge-transfer . complex forces are relatively long 
range as compared to chemical forces. Thus, typical distances 
between molecules in these complexes are 3.2 to 3.4 whereas 
chemical bond lengths are less than about 1.5 A®. Charge- 
transfer would therefore facilitate interaction between mobile 
molecules over so comparatively long separation. Charge-transfer 
forces usually hold the components in the complex together in 
specific orientation. This could perhaps act to bring large 
biomolecules together with their prosthetic groups correctly 
aligned for interaction. 

The nature of the intermolecular forces between the 
components in a charge-transfer complex is still unclear. There 


are several •bheoret-ical approaches in literature to explain the 
spectral features of the charge -transfer complexes. The most 
widely accepted theory was put forward by Mulliken^ and it is 
based on the intermolecular charge-trsuisf er concept. 

According to Mul liken, the formation of molecular complexes 
take place between two molecules, one an electron acceptor and 
the other an electron donor relative to each other. The complex 
exists in two states, a ground state and an excited state. In 
the ground state, the two molecules experience the normal 
physical forces ( Van der Waals type ) in addition to a small 
amount of charge -transferred from donor to the acceptor which 
contributes some additional binding energy to the complex. The 
excited state is promoted when the ground state complex absorbs 
light of suitable energy. In the excited state, the electron 
which was only slightly shifted towards the acceptor is almost 
wholly transferred. It is the transfer of the electron on 
absorption of light gives the characteristic colours of these 
complexes. According to Mulliken’s valence bond model, the 
ground state wavef unction Vn of 1:1 donor- acceptor complex is 
given by. 

Vn = a D) + b - A") 1.3 

The first term in the equation is the ’no bond’ wave 
function of donor and acceptor molecules in close proximity with 
no charge-transf er between them. However, it can include 
contributions from classical electrostatic forces. Van der Waals 
forces, various dispersion forces and dipole interactions. The 
second term is the ’dative’ wave function of the two molecules 
bound together by an electron being totally transferred from a 
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donor to an acceptor. The other contributions to the ground 

state wave function such as the locally excited states and higher 

energy states are usually neglected- The coefficients ja and b 

decide the type of complex formed. That is, for a loosely bound 

2 2 

charge-transfer complex a >> b . 

Another approach to the energetics of the inter molecular 

charge - transfer transitions has been made by Dewar and 
2 3 

Coworkers ’ using simple molecular orbital description. The 

problem has been treated using the perturbation theory for weak 

interactions. The interaction energies in the ground state are 

small compared with the transition energies to the excited states 

of the complex such that the transition may be considered as 

arising from the transfer of an electron from a highest filled 

molecular orbital in the donor to the lowest unoccupied molecular 

orbital in the acceptor. Various MO calculations have been made 

to predict the ground state stabilisation energies of the 

4 5 

complexes. Murrel ’ demonstrated a relationship between the 

stability of a charge -transfer complex and the intensity of the 

charge- transfer band. Other MO treatments to explain the 

energetics of molecular charge -transfer transitions include (a) a 

6 

semiempirical linear combination of MO’s by Flurry et al. and 

7 

(b) the delocalization method of Fukai et al. 

The existence of charge- transfer complexes and its 
implication in biochemical reactions have been the subject of 
study by many workers. A brief report of the various 
investigations that have been carried out on the charge-transfer 
complexes of tetrapyrrole pigments is given here. 

Among the biologically important compounds, tetrapyrrole 
pigments occupy a significant position: porphyrins, pheophytins. 



phthalocyanines and corrins represent a few members of this class 

of compounds. The porphyrins differ from one another in the 

number and nature of substituents on the peripheral positions of 

the tetrapyrrole ring. The available structural studies on a few 

heme proteins indicate a strong evidence for the ubiquitous 

nature of molecular interaction between porphyrin TT- system and 

certain aromatic residues. The molecular complexes formed 

between tetrapyrrole pigments and the aromatic compotinds are of 

importance because of their involvement in redox catalysis , 

their utility as model for the study of aromatic residue 

12 13 

porphyrin interaction in heme proteins ’ , light induced 

14-17 

electron transfers in photosynthesis , and herbicidal 

activity^®. 

19 20 

Heathcote and Slifkin ’ in their study on the molecular 

complexes of vitamin 8^2 vitamin Bi2b (corrin ring system) 

with various organic acceptors and donors, have shown that 

vitamin 8^2 behaved as a charge donor towards acceptors like 

glutamic acid, iodine, chloranil etc. While vitamin Bi2b 

functioned as a charge acceptor in presence of amino acids, 

aliphatic amines, purines and pyrimidine. These results are in 

21 

contrast to the theoretical predictions of Veillard and Pullman 
who have suggested that vitamine 8j^2 should function as an 
electron acceptor. 

The plant pigments, chlorophylls are responsible for 
photosynthetic activity. There has been numerous reports 
concerning the molecular association of chlorophylls and 
pheophytins with other biologically important molecules like 
quinones, riboflavin, components of chloroplast pigments and 
bovine serum albumin . The formation of IT- complexes between 
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chlorophyll and quinones has been postulated in the primary 

stages of the photosynthetic processes. The plant pigments 

exhibit endogamous interactions and the source of stabilization 

in such complexes has been traced to Tt -u interaction‘s . It 

has been shown by Livingstone that a variety of electron 

acceptors quench the fluorescence of chlorophyll with the 

possible formation of exciplexes. A more detailed study on the 

mode of molecular interaction has been presented by Larry and 
25 

Winkle . In their study on the molecular complexes of 
chlorophyll and pheophytin with TNB, they have shown that the 
existence of 1:1 IT -complexes . The H NMR spectra of these 
complexes revealed the conformational mobility of phytyl chains 
of pigments on molecular complexation. 

1.2 ELECTRON-TRANSFER REACrriONS: 

Electron transfer reactions in biological systems can be 
broadly classified into three categories: (i) electron- transfer 
involving only the metal center (ex: cytochromes), (ii) 

electron-transfer involving only porphyrin TT -system ( ex : 
chlorophylls and pheophytin), and (iii) electron - transfer 
involving both metal center and porphyrin TT -system (ex: 
cytochrome P 450 , catalases and peroxidases). 

Some examples in which the electron-transfer occurs from the 
metal center are given here. Cytochromes are electron- transfer 
agents in many biological processes and electron addition or 
removal involves only Iron center. Csrtochromes are heme 
containing proteins which are involved in electron- transfer 
chains in the mitochondria and chloroplast, in which electron- 
transfer is associated with the presence of the Fe(III)/Fe(II) 
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26 

redox couple . Cytochromes are also involved in aspects of the 
nitrogen cycle and in enzymic reactions associated with 
photosynthesis . 

In model systems, the porphyrins containing Fe, Mn, Co 

undergo metal centered electron-transfer reactions. Kadish and 
27 

coworkers have demonstrated by electrochemical experiments on 

tetraphenyl porphyrin (TPP) Fe(III) chloride [Fe(TPP)Cl], and 

Fe(TPP)C104 in pyridine and dichloromethane under a CO atmosphere 

undergo metal centered electron- transfer reactions. Also, it 

28 

has been shown by electrochemical experiments that Mn(III)TPPCl 

in various co-ordinating solvents undergoes metal centered 

electron-transfer. There are many reports in literature on the 

electron-transfer reactions of Cobalt(II) porphyrins under a 

29-34 

variety of conditions 2md in all the cases, the end product 

is [Co (III) porphyrin]^ cation. 

Chlorophylls and pheophytins on photo excitation are known 

to undergo electron-transfer reactions where electron is coming 

out from the TT “system of the macrocycle. The first step in 

the photosynthesis is the absorption of light by chlorophyll. 

The resulting electronic excitation passes from one chlorophyll 

to another in a light harvesting complex until the excitation is 

trapped by a chlorophyll with special properties at reaction 

center (RC). At RC, the energy of the excited electron is 

converted into a separation of charge between donor chlorophyll 

and acceptor pheophytin. The importance of this reaction lies in 

3 5 

the fact it proceeds without any radical pair recombination . 
In view of the close structural resemblance between chlorophylls 
and porphyrins many investigations are concerned with porphyrin 
donors. In addition to their utility as models for the study of 
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photochemical electron -transfers, these systems have also been 

used for the study of model reactions of cytochrome activity, 

3B 

heme oxygenation and others . 

Among the model systems, the porphyrins containing metals 
2 + 2 ^ 2 + 

Zn , Mg and Cd are known to undergo electron- transfer 

reactions. In these metal loporphyr ins the first electron 

addition or removal involves porphyrin IT- system, Fajer and 

Davis'^ have described TT - cation radicals and If - anion 

2 + 2 + 

radicals of Zn and Mg porphyrins in a recent review. These 

radical anions and cations were generated either by photo 

excitation or by chemical method. ESR studies confirmed that the 

electron addition or removal involves only porphyrin tf -system. 

Cytochrome P450 . catalases and peroxidases are the examples 

in which the electron-transfer reaction involve both metal center 

and porphyrin TT -system. Peroxidase, chloroperoxidase and 

37 

catalase are one of the class of heme enzymes , catalyses the 
overall two electron oxidation of organic substrates with H2O2 
as the oxidant or electron acceptor. These hemes are having 
fifth axial ligand either oxygen donors or nitrogen donors. 

AH2 + H2O2 A + 2H2O 1.4 

The catalytic cycle of these enzymes are shown in fig. 1 . 1 . The 

oxidation of the high spin, penta co-ordinate ferric native 

enzyme (J,) by hydrogen peroxide to form a semi stable [Fe(IV) 

heme]^ intermediate (i). Compound iZ) is a highvalent oxo-iron 

complex that is two oxidation equivalents above ferric enzymes. 

Compound ( 2 ) is generally thought to be an Fe porphyrin TT ~ 

3B 

cation radical . The next step of these enzymatic pathway 

IV + 

involves the one electron reduction of [Fe porphyrin] ' by the 



N N 



X = 'S Cystine (Cytochrome P450) 
- N Hist idine (Peroxidase) 

-0 Tyrosine (Catalase) 


Fig. 1.1 Catalytic cycle proposed for catalases and peroxidases. 



organic substrate. This produces a second intermediate that is 

IV IV 

[Fe porphyrin] Finally, [Fe porphyrin] reduced back to 

the native ferric state with concomitant one electron substrate 

oxidation. Two one electron oxidized substrate molecules non- 

enzymatically disproportionate to give one two electron oxidized 

product and an unoxldized substrate molecule. The model 

complexes for the highvalent states of these enzymes have been 

reported by Groves^^, Balch^®, and others^^. Recent work by 

Ortiz de Montellano and co-workers strongly suggests that the 

substrate oxidation reactions catalyzed by these enzymes take 

42 

place at the heme edge and not at the oxo -ferry 1 group 

1 . 3 THERMQDYMAMIC AND KINETIC ASPECTS OF SLECTRON-TRANSFEH 
REACTIONS: 

Consequences of light absorption by molecules is that it 

leads to an increase in the electron affinity and decrease in the 

ionization potential of the molecular systems. Hence an 

electronically excited state of a molecule is expected to be 

better oxidant and a better reductant relative to the ground 

state. It is known that those electronically excited states 

which, in fluid solution, live long enough to encounter a 

molecule of another solute, can often be involved in electron- 

43 

transfer reaction . The energetics of light induced charge 

separation is schematically represented in fig. 1.2 The 

energetics of the radical - pair ~ A (where D represents a 

porphyrin donor and A represents an acceptor) formation is 

dictated by both the oxidation potential of D and the reduction 

potential of *A’ . The free energy change accompanying the 

44 

excited state electron -transfer ( ^Get) expressed as 



AGet = E(D'^/D) - E(A/A') - Eq-q 


1.5 


where E(D^/D) 

and 

E(A/A') 

refer 

to one electron 

reduction 

potentials of 

the 

oxidized 

donor 

and the reduced 

acceptor , 


respectively and Eq-q refers to the first excited singlet /triplet 

state energy of the donor. This expression neglects coloujnb 

interactions, solvation effects and entropy considerations. The 

thermodyneunic criterion for a photoinduced electron transfer can 

then be formulated as that the singlet excitation energy should 

be more than that of the energy of the redox state. 

Apart from the above thermodynamic considerations, the 

kinetic requirements also play an importeuit role in electron- 

transfer processes. It is known that there exists always a 

competetion among the various intra and inter molecular 

deactivation pathways for an excited state. Thus, even if the 

electron-trzuisf er is thermodynamically allowed it can take place 

only if it is fast enough to win the competetion with other intra 

and intermolecular deactivation processes. The kinetic theories 

developed for thermal electron-transfer processes can be applied 

45 

to the excited state electron-transfer as well . For an 
excited state electron-transfer, the kinetic scheme is as 
follows. 

ji. ^d )ic ^et + — ^s 

D + Ayr ±(D A)^ A ] y products 1.6 

K-d K-et 

where Kd is the diffusion rate constant, K-d is the dissociation 
rate of the precursor complex (DA). and K-^-t are the 

unimolecular rate constants for the electron transfer steps, and 
K5 includes all the steps (except which cause the 


disappearance of the successor complex (D^A ). Using a simple 
steady state treatment for this outer sphere electron-transfer, 
it can be shown that if << and << K— 

Kq = Kg-t 1 • 7 

where Kq is the experimental rate constant for the reaction D + 
^ ) !)■*■ + a”. The rate constant for the electron transfer 

step is given by 

Ket = 4t ®>‘P <- 

o -fr 

where K^-t is the frequency factor, is the standard free- 

energy of activation, ^ is the transmission coefficient and 
KsT/h = 6xl0^^s”^ at 25^C. It is assumed in the formulation of 
the above equation that the electron-transfer step must obey 
Frank-condon principle. Hence, the in equation (1.8) can 

be expressed as 

= ^G^(0)[1 + -^G/4 -AG^(0)]2 1.9 

M 

where ^G (0) is "the so called intrinsic reorganization 
parameter, which is related to the changes in the nuclear 
coordinates that must occur prior to electron-transfer (both 
inner sphere and solvent Induced) as required by the Frank-Condon 
principle. is the same as ^Qet e<luation (1.5). The term K 

in equation (1.8) contains useful information regarding the 
electronic interaction between the donor and the acceptor which 
is governed by the extent and strength of orbital overlap between 
the donor and the acceptor. 
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The important parameters that govern the excited state 
electron transfer processes are: 

(1) The nature of the donor and its oxidation potential. 

(2) The nature of the acceptor and its reduction potential. 

(3) The distance between the donor- acceptor pair. 

(4) The orientation of the acceptor relative to the donor. 

(5) The nature of intervening medium. 

Intennolecular interactions between porphyrins and several 

aromatic acceptor molecules result in quenching of the excited 

46 

state of the porphyrin in fluid solutions . This is often 

attributed to excited state electron-transf er leading to the 

redox ion intermediates. This c«m arise from either the excited 

singlet state or the triplet state and often the efficiency of 

these processes are known to be very low. Inpart, the low 

efficiency is due to the short life times of the porphyrin 

singlet excited state (typically nanosecond region) which require 

very high concentration of the quencher for bimolecular diffusion 

to compete with the nonradiative deactivation of the excited 

state. The triplet excited state, with its long lifetime 

(typically millisecond region) has no such problems and quenching 

can lead to high yields of redox ion intermediates. However, in 

several cases it has been established that the porphyrin triplet 

states cannot involve themselves in the electron-transfer 

reactions owing to the restrictive thermodynamic 
47 

considerations 


1 a 


1.4 IMPORTANCE OF NONFLANAR CONFORMATION OF A PORPHYRIN SKELETON 
IN BIOLOGICAL SYSTEMS: 

The exiat.ence of porphyrin macrocycle in a variety of non- 
planar conformations is believed to be an important criterion for 
its involvement in several biomolecules of different functions. 
A brief survey on importance of nonplanar conformation in 
biological systems and the relevent model systems are highlighted 
in this section. 

48 

A recent review by Scheidt and Lee has emphasised the 

relationship between stereochemistry of a variety of 

metallotetrapyrroles and their function. Work done on H - 

cation radical complexes, O 2 bound species, tetrapyrroles with 

N- substituents , the stereochemistry of ring reduced tetrapyrroles 

euid other novel porphyrin systems are highlighted in this review. 

Furthermore, the importance of porphyrin-porphyrin ( TT- TT ) 

49 

interaction in the solid state has been described. Fajer et al. 
have studied the interaction of iron porphyrins and its 

radical cation. In this system there is a strong 
antiferromagnetic coupling between the metal center and radical 
center and this has been attributed to the distorted conformation 

of the porphyrin macrocycle. 

50 

Kratky and Coworkers reported X-ray structures of several 
low spin Ni(II) hexahydro and tetrahydroporphinoids (Fig. 1.3). 
The co-ordination hole contraction is characterized by a 
deformation of the ligand system towards a saddle shaped, jruffled 
conformation of approximate S 4 symmetry. The central metal ion 
is coplanar with the four co-ordinating nitrogen centers whereas 
the four meso carbon atoms are situated alternatively above and 
below this co-ordination plane. Increasing steepness of the 


X X 



JSOBACTERjochlorin 



saddle is associated with decreasing metal nitrogen distances. 
In the saddle conformation of hydroporphinoid Ni(II) complexes, 
the hydropyrrole rings assiame half chair conformations whereby 
the individual half chairs are conf ormationally constrained in 
such a way that the inclination of their peripheral single bond 
parallels the inclination of the ligand saddle. The co- 
ordination hole contraction of hydroporphinoid ligands is 
observed experimentally to exert control on the stereochemistry 
and reactivity of the ligand periphery as well as on the axial 
electrophilicity of the central metal ion. 

C 1 — CC 

Stolzenberg and Coworkers in a recent series of papers 
have related the distorted conformation of Nickel hydroporphyrins 
with stability of the macrocycle. X-ray structural studies show 
that the macrocycle in nickel hydroporphyrin complexes invariably 
experiences a marked S4 ruffling and is saddle shaped. Ruffling 
is a consequence of the flexibility of hydroporphyrins. The 
chemical and electrochemical oxidations of Ni porphyrin, chlorin, 
and isobacteriochlorin complexes in the octaethyl and methyl- 
substituted octaethyl chlorin series were investigated in 
nonaqueous media, EPR and absorption spectroscopy were used to 
characterize the one and two electron oxidized complexes. The 
first oxidation of all complexes yielded nickel (II) cation 
radicals. Unlike Ni(TPP)^' , the cation radical complexes did not 
undergo internal electron transfer to afford nickel (III) 
complexes at low temperatures. Nickel (II) dication complexes 
were the product of the second oxidation of nickel porphyrins and 
chlorins in acetonitrile. The second oxidation of nickel 
isobacteriochlorins afforded nickel (III) cation radical 
complexes. These results suggest that the greatly enhanced 



stability of oxidized cis- Ni(OEC) species is not a consequence 
of redox activity of the coordinated nickel but rather of the 
ruffled conformation of the macrocycle. Also, the chemical eutid 
electrochemical reductions of Nickel porphyrin and hydroporphyrin 
complexes in the octaethyl, tetraphenyl, and methylated octaethyl 
chlorin series were investigated in nonaqueous media. UV-vis, 
EPR, and NMR spectroscopy were used to characterize the 

reduced species obtained by electrochemical and chemical means. 
The site of reduction depends upon the method of reduction (and 
the time scale of the method), the saturation level of the 
macrocycle, and the identity of these substituents on the 
macrocycle. Ni(OEP) is reduced to the anion radical Ni(OEP)' , 
which undergoes further reduction to afford the stable, 
diamagnetic phlorin anion complex Ni(OEPH) . Ni(OEC) and 
Ni(DMOEiBC) are reduced to transient Ni(I) complexes. Ni^(OEC) 
reacts further to give the chlorin-phlorin anion complex 
Ni(OECH)", Ni(OEiBC) is reduced to Ni^(OEiBC)“. Aside from 

reduced F43Q, Ni^(OEiBC) is the first stable Ni(I) tetrapyrrole 
and is the only known nickel(I) complex that has a IT -system 
extending over the entire macrocycle. Chemical reductions of 
Ni(TPP), NiTPC and Ni(TPiBC) produce mixtures of anion radical, 
phlorin anion, and phlorin dianlon species. The macrocycle that 
appear best able to accomodate the large, approximately 2.1 A° 
Ni-N distance required by Ni(I) are those that were shown to 
ruffle in neutral, low-spin nickel (II) complexes. One 

consequence of ruffling is a reduction in the macrocycle core 
size to give smaller Ni-N distances ( 1.92 A°) than t3T>ically 

observed in a porphyrin environment. Apparently, the hole 
size/ligand field strength of hydroporphyrins can bo varied over 



a wide difference betiween porphyrins, hydroporphyrins, corrins, 
oxoporphyrins and other tetrapyrrole macrocycles is their optimal 
hole size and the range of hole sizes that are readily accessible 
in their complexes. The effects of the stereochemistry of the 
macrocycle substituents are discussed, euid an explanation is 
developed for the widely varying affinities of Nickel 
tetrapyrroles for axial ligands. 
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The X-ray structure of heme proteins by Perutz et al. and 
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Deathearage et al. conforms the presence of porphyrin 
macrocycle in a domed conformation. The conformation of the heme 
groups and their interactions with the globin are altered. Short 
contacts with globin side chains effect cyanide binding to the 
hemes, and change in the globin ligand contact upon substitution 
of cyanide for H 2 O inturn directly effects the globin structure. 
Although the ligand peaks lie off the heme axes, the atoms Fe-C-N 

may still lie on a straightline, with this line not normal to the 

* 

mean heme plane. This linear binding conformation is consistent 

with the observed motion and deformation of the porphyrin. 

Recent X-ray structure on the reaction center (RC) of 
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Rhodopseudomonas viridis by Deisenhofer and Coworkers have 
demonstrated the existence of nonplanar macrocycles in the 
bacterial photo synthetic reaction center (RC). In these 
chlorophyll molecules, twisting of the pyrrole rings by as much 
as 17*^ is observed for several of the tetrapyrroles including the 
bacteriochlorophylls of the special pair (RC). On excitation of 
the RC leads to charge separation and electron transfered through 
a series of acceptors from the bacteriochlorophyll b dimer to 
Quinones . 



and Furenlid et al. 
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Pfaltz et al.'"'' and Furenlid et al.^"^ have reported the 
presence of nonplanar macrocycles in enzyme methyl reductase 
which is isolated from Methanobacterium thermoautotrophicum . 
It consists of cofactor F430 (Fig. 1.4). F 43 Q is a nickel 
(Il)-corphin derivative, which has all four pyrrole rings and 
two of the four bridging meso carbon atoms reduced. Related Ni 
Corphinates exhibit some of the most nonplanar tetrapyrrole 
structures known. This enzsnme catalyses the final stages of 
reduction of CO2 to methane in methanoic bacteria. Detection of 
EPR signals attributable to Ni(I) in the catalytic cycle of Mb. 
Thermoautotrophicum has led to Intensive investigations of the 
reductive chemistry of F430 and of Ni porphyrins and 
hydroporphyrins. Reduction of Ni(II) F430 and isobacterio 
chlorins unabiguously results in Ni(I) species where as 
porphyrins, chlorins and hexahydro and octahydro porphyrins yield 
anions variously ascribed to Ni(I) or N(II) radicals with 

some metal character. 

In model systems distortion in the porphyrin skeleton can be 

induced by attaching a short bridge across the porphyrin 

periphery. To the best of our knowledge there are only two 

reports in literature where considerable distortion of the 

porphyrin skeleton upon introduction of short bridging group has 
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been achieved. Thus, Dolphin and Coworkers have characterized 

pyrrole strapped porphyrins and preliminary X-ray data confirms 

the expected distortion. On the other hand Walker and 
63 

coworkers used very short alkyl chains (butyl, pentyl, hexyl) 


as a bridging group. Spectroscopic and X-ray data of one of the 
isomers confirms the presence of distortion in the porphyrin 
skeleton . 



Thus, in ^lihis thesis an attempt has been made using the 
porphyrins, metal loporphyrins auid crowned phthalocyanines as 
model systems to study the various electronic interactions 
between the IT -systems.' The details of the work has been 
described in the following chapters. 
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CHAPTER 2 


GENERAL EXPERIMENTAL METHODS AND TECHNIQUES 

In t-his chapter, the materials employed at the various 
stages of investigation, a description of the methods used to 
synthesize the precursor compounds for various porphyrins and 
phthalocyanines , and the purification procedure of the chemicals 
and solvents are given. Also, brief outline of the physico- 
chemical techniques employed and details of the instruments used 
are given . 

2.1 MATERIALS EMPLOYED: 

The common solvents used for synthesis were purified 

64 

according to the reported procedures. 

Pyrrole, salicyl aldehyde and Benzo-15-crown-5 were procured 
from "Aldrich chemical company, USA" and pyrrole was distilled 
before use {b.P-129-131®C) . 

Solvents for NMR measurements, CDCI 3 , DMSOd 0 , C 0 D 0 , D 2 O, 
CD 3 OD, TFAd and Pyridine ds were also obtained from "Aldrich 
chemical Company, USA" and were used as received. 

p-Anisaldehyde, 2- (dimethylamino) ethanol, p-xylene, m- 
xylene, ortho nitroaniline and Tetrabutylammonium bromide were 
procured from "Merck chemical company, W. Germany" and were used 
as received. 

Buffer tablets (PH7) and anhydrous potassium carbonate 
(K 2 CO 3 ) were obtained from "Qualigens fine chemicals, Bombay, 
India" and were used as received. 
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Adenine, Guanine, Cytosine and Thymiiie were procured from 
"Sisco Research Laboratories, India” and were used without 
further purification. 

Aliiminium oxide (basic and neutral) and Silicagel (60-120 
mesh) were purchased from "Acme Laboratory chemicals, Bombay, 
India" and were used as received. 

Dimethyl formamide (DMF) A.R. grade and Iron powder were 
procured from "Sarabhai chemicals, India" and were used as 
received. 

Sodium acetate, KCl, CsCl (AH grade) were purchased from 
"B.D.H., India" and were used as received. 

Benzaldehyde (A.R. grade), N-bromosuccinamide (NBS), 
potassium cyanide, sodium metabisulf ite, KOH, HaOH, Bromine, 
Glycerol, propionic acid (L.R. grade), pyridine, chloroform, 
dlchloromethane, Methanol, petroleum ether (60-80®C), Toluene, 
diethylether , acetic acid, 1,2 dichloroethane. Dimethyl- 
sulfoxide, Cone. H 2 SO 4 , Conc.HCl and Conc.HN 03 were procured from 
"S.d.fine chemicals, India". 

2.2 METAL SALTS EMPLOYED: 

Cobalt ( I I ) acetate tetrahydrate , copper (II) acetate monohydr- 
ate, Nickel (II) acetate tetrahydrate. Zinc (II) acetate dihydrate, 
vanadyl sulphate pentahydrate were of A.R. grade obtained from 
"S.d. fine chemicals, Bombay, India" and were used as received. 

Copper (II) sulfate and Silver nitrate were obtained from 
"Nice chemical comp 5 uiy, India" and were used as received. 

2.3 SOLVENTS EMPLOYED FOR SPECTROSCOPIC MEASUREMENTS: 

The following solvents were used for spectroscopic 


measurements: 


(a) Chloroform (A.R. grade) from S.d.fine (India) was distilled 
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over P 2 O 5 . 

(b) Diehl or omethane (L.R. grade) from S.d.fine (India) was 

washed twice with 10 % aqueous Na 2 C 03 solution, twice with 

64 

water, dried over anhydrous CaCl 2 and distilled over P 2 O 5 . 

(c) Methanol (L.R. grade) from S.d.fine (India) was refluxed 

over calcivua oxide for 2 hours and then distilled over 

64 

Magnesitun methoxide cake 

(d) Benzene (L.R. grade) from S.d.fine (India) was stirred with 
Conc.H 2 S 04 for 3-4 hours. It was then washed with sodium 
bicarbonate solution followed by distilled water. It was 
dried over anhydrous CaCl 2 overnight, distilled and stored 
over sodium wire. 

(e) Dimethyl formamide (DMF) from "Sarabhai Chemicals” (India) 
A.R. grade, was used as received. 

(f) Toluene (spectroscopic grade) from S.d. fine (India) was 
used as received. 

2.4 SYNTHESIS OF 4. 6-DINITROBENZOFOROXAN (BFO): 

The synthesis of BFO involved two steps. 

65 

(a) Preparation of Nltrosobenzene 

lOg. of ortho-nitroaniline was dissolved in 150 ml of 
saturated alcoholic potassium hydroxide. A solution of sodium 
hypochlorite, prepared by passing Cl 2 gas through a solution of 
sodium hydroxide in water till the solution turns yellow, was 
added to a cooled solution of ortho-Nitro aniline in alcoholic 
KOH with constant shaking until the crimson colour had entirely 
disappeared. Then the mixture was poured into an open dish and 



left, to crystallise. 9.5 g of the product, nitrosobenzene, 
separated out in a pure state. It was crystallised from ethanol 
to get yellowish white needles (m.p. 72®C) . 

(b) Preparation of 4,6-dlnitrobenzofuroxan from 
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nitrosobensene *> 

10 g of nitrosobenzene dissolved in about 150 ml of 
Conc.H 2 S 04 was nitrated by the addition of a mixture of 16 ml of 
Conc.HN 03 and 40 ml of Conc.H 2 S 04 . The mixture was cooled at 
first and then warmed to 40®C and poured into water. The 
product, crystallised from acetic acid, gave yellow needles m.P. 
172°C. 

^max (n®) i*' CH2CI2 

233, 261, 276, 333, 422 (observed). 

234, 260, 277, 330, 420 (lif.®'^). 

2.5 PBEPARATIOH OF OOFPER(I) 

50 g ( 0.2 mol) of powdered Copper(II) sulphate pentahydrate 
was dissolved in 160 ml of warm water (40-50®C) in a 500 ml 
beaker equipped with stirrer. Prepared solutions of 14 g (0.074 
mol) of sodium metabisulphite in 40 ml of water (A) and of 14 g 
(0.215 mol) of potassium cyanide in 40 ml of water (B) , and 
filtered the solutions A and B to remove Insoluble matter. The 
solutions A and B was heated separately at 60®C. Copper (II) 
sulphate solution was made faintly acid to congo red with dilute 
H 2 SO 4 and solution A added to it with mech^ulical stirring during 
1 or 2 minutes, followed immediately by solution B. A slight 
frothing was observed. Filtered the hot solution after about 10 


minutes and washed product thoroughly with boiling water and 
finally with rectified spirit. Dried at 100-1 lO^C to a fine soft 
powder. Yield; 16.7 g (93%). 

2.6 PREPARATION OF oC , c<^-DIBR0M0 ■-XYLENE®®: 

A 600 ml three necked round bottomed flask was fitted with a 
dropping funnel with the tip extended to reach almost bottom of 
the flask and an efficient condenser leading to a gas absorption 
trap, m-xylene (53 g, 0.5 mole) was placed into the three necked 
flask which was heated with an oil bath and was illtiminated with 
table lamps (3x200 watt lamps) placed 1-5 cm from the upper 
portion of the flask. When the temperature of m-xylene reached 
125*^0, dropwise addition of 176 g (1.1 mole) of bromine was 
commenced with stirring over a period of 1.5 hours . The mixture 
was stirred at 125^0 under illumination for an additional 30 
minutes. It was then allowed to cool to 60®C and poured into 100 
ml of boiling (60-68®C) petroleum ether contained in a beaker, 
the transfer being assisted with small amounts of warm solvent. 
As the homogeneous solution cooled slowly to room temperature it 
was stirred frequently to prevent caking of the brown crystalline 
product that separated. After the mixture was cooled and the 
bulk of the dibromide had crystallised, the beaker was placed in 
a refrigerator for 12 hours. The product was filtered and 
washed twice with petroleum ether (60-80*^0 (2x25 ml). The ciude 
product which was recrystalliaed from chloroform- ethanol (3:1) 
gave pure product. m.P: 75-77°C, yield: 48%. NMR (CDCI 3 ): 
4,43 ppm (4H, s,-CH 2 “); 7.23 ppm (m, 4H, phenyl). 


2.6 PREPARATION OF c< , oC -DIBROHO p-XYLKNE®®: 


Followed seune procedure as mentioned for preparation of 
oC, dibromo-m-xylene. m.P: 145-147®C; yield: 60%. 

NMR (CDCI 3 ): 4.4 ppm (4H. s,-CH 2 ); 7.3 ppm (4H, s, phenyl). 

2.7 PREPARATION OF TETRABOTYLAMHONIOH PERCHLORATE (TBAF): 

50 gr (0.16 mole) of tetrabutyl ammonium bromide was 

dissolved in 500 ml of distilled water and a white precipitate 
was obtained on addition of 31.16 gr (0.31 mole) of perchloric 
acid (99.9%). The precipitate was filtered and the crude product 
was washed with large excess of water to remove excess perchloric 
acid. The crude product was recrystallized from ethanol; it gave 
pure white crystalline tetrabutylammonium perchlorate (TBAP). 

2.6 PHYSICO-CHEHICAL TECHNIQUES: 

The details of the instruments used for characterization and 

evaluation of spectroscopic data are given below- 

The optical absorption spectra were recorded on a SHIMADZU 
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OV-160 Spectrophotometer with temperature facility. H and F 
NMR spectra of cobalt porphyrins were recorded on a Jeol Fx 90 Q 
multinuclear NMR spectrometer. NMR of other compounds were 
recorded on a Bruker 400 MHZ, Bruker 270 MHZ and Varian (Model 
JEMNI) 200 MHZ NMR spectrometers. ESR measurements were made on 
a Varian E- 109 x-band spectrometer at liquid nitrogen 
temperature. IR spectra were recorded on a perkin-Elmer model 
580 Infrared spectrophotometer. FAB Mass spectra were taken on 
JMS 01S62 (Jeol) Mass spectrometer. 



Cyclic voltammetric studies were made with a BAS Model CV-27 
polarographic analyzer utilizing the three electrode 
configuration of a Glossy Carbon (working electrode), Pt wire 
(counter electrode) and a Ag/AgCl electrode as the reference 
electrode. An omnigraphic Model 100 x-y recorder was used to 
record the current voltage output. Half wave potentials were 
measured as the average of cathodic and anodic peak potentials. 

Fluorescence spectra were recorded either on a Spex Romalog 
System with Spex photon coianting and Spectra physics model 165 
Ar-ion laser ( ~ ^^8 nm) as the excitation source, or on 
Jobin Yvon Spectrof luoremeter model JY-3CS. 

The triplet ESR measurements were made on VARIAN E-9 X-band 
spectrometer. The spectra were recorded with and without field 
modulation at -150^C. The pulsed laser (wavelength 560 nm) 
source was used for photoexcitation. In method (A) the field 
modulation used was 100 KHZ and light intensity modulation of 
80 HZ with detection employing a pair of lock-in-amplifier tuned 
to the modulation frequencies. The field modulation amplitude 
employed was 40 G and the microwave power about 5 mW. The ESR 
signals were measured 0.5/<s after laser excitation. The 
spectra were recorded in the derivative form and by using light 
modulation a doublet radical signal in the center of the spectrum 
is removed. Also, this detection method takes advantage of the 
signal enhancement provided by spin polarization. In the method 
B, no field modulation was used and the signal was detected after 
1/ts of the laser excitation; with this technique the signal to 
noise ratio is improved because of the large spin polarization in 
the triplets shortly after their formation. The spectra were 



obtained in this method using absorption mode (not derivative 
mode ) . 


2.9 METHODS: 


The fluorescence quantum yield, was estimated from the 
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emission and the absorption spectra following the equation ; 


= {[F( sample)] tA(H 2 TPP)]/CF(H 2 TPP)] [A( sample]} 0f(H2TPP) 

where the [F( sample)] and [F(H 2 TPP)] are the integrated 

fluorescence intensities of the sample auid 5, 10, 15, 20-tetraphenyl 

porphyrin (H 2 TPP) . [A(sample)] and [A(H 2 TPP)] are the absorbance 

of sample and H 2 TPP at excitation wavelength and ^f(H 2 TPP) is 
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the quantum yield of H 2 TPP which is taken as 0.11. The natural 

radiative life times ( Y^) were calculated from the absorption 

71 

and the emission spectra using Birks-Dyson modification of 
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Strickler-Berg equation which is based on mirror symmetry 
between the absorption and emission spectra, following the 
equations ; 


l/r° = 2.880 X 10"® 


0-3s -1 

Vf >aV 


'je(5 


) 9"^d 


2.1 


where is the Index of refraction of the solvent used < ^>av 

-X -3 ^ ‘ 

is the reciprocal of the mean value of V in the fluorescence 
spectrum, and this is defined by following relation; 


< ^~^>av"^ = Jf(i 3 )dV /^F(V ) d*i) 2.2 

where ) dV is the Integrated fluorescence intensity and 
was evaluated directly from fluorescence spectrum by calculating 
the area under the curve of F (\) ) versus x) • 


Jf{^ ) V 

spectrum by 
versus ”0 . 


_3 — 

d'i) was evaluated from modified fluorescence 
calculating the area under the curve of F( ^ 


j£,(^ ) ^"^d^ was calculated by evaluating area voider the 

absorption [Qx(0,0) and Qy(0,0)] curve of ^ ^ vs . 

where £(\) ) is the molar extinction coefficient as a function of 
wave number (l) ) and F(V ) is the fluorescence intensity as a 
function of wave number (S) ) . 

The rate of fluorescent radiative decay (Kf) and rate of 
intersystem crossing (Kiac^ were calculated using the relation: 

Kf = 1/T° 2.3 

Kisc = {Kf[(l - <f>f)/ <>>f]} 2.4 

The excited state redox potentials were estimated from the 

emission spectra and the ground state redox potentials following 
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the relation. 

V(P‘^/P) = E®(pVp) - Eo-o(P-*P) 2.5 

*E®(*P/P“) = E®(P/P") + Eo-otP-’^P) 2.6 

where the Eq-qCP- P) is the energy of the Q(0,0) transition of 
the emitting excited state of the porphyrin, *E^(*P/P ) and 
E'^CP / P) are excited state reduction and oxidation potentials 
respectively and E®(P^/P) and E®(P/P ) refer to the ground state 
oxidation and reduction potentials respectively. 

2.10 SQMMABY: 

A brief account of various solvents, chemicals and methods 
of preparation of the starting materials used in the synthesis is 
given here. This chapter also describes the different 
spectrometers and other physical methods used in the present 
study . 



CHAPTER 3 


INTERACTION OF HETALLOFORPHYRIMS WITH AN ELECTRON ACCEPTOR. 

4, 6 DINITROBENZOFOROXAN (EFO) 

3.1 INTRODUCTION 

Electron- transfer reactions of porphyrins and metallo- 

porphyrins have been studied in great detail during the past 

decade because of their involvement as electron-transf er agents 
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in many biological reactions involving heme proteins, ’ 

c QV *7 g — 7 7 

photosynthetic reaction centers ’ and artificial 
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photocatalytic systems. The addition or removal of an 

electron from metal loporphyrins could involve both the porphyrin 
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TT -system and the central metal ion in the porphyrin core. ’ It 

is generally observed that for porphyrins containing metals like 

Zn, Cu, Cd, the first electron addition or removal involves the 

porphyrin H -system. Their redox chemistry is a subject of 

numerous studies and the redox products have been characterised 

by spectroscopic, ’ electrochemical ° * and chemical 
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methods. ’ On the other hand, porphyrins containing metals 

like Co, Fe and Mn fall into the second category where the metal 

27 28 89 

ion participates in the redox chemistry. ' ’ In this regard 

cobalt (II) porphyrins have been widely studied and it has been 
shown that Co(II) porphyrins undergo facile oxidation to their 
cobalt (III) derivatives under a variety of conditions. 33,90,91 
One such condition demands the presence of molecular oxygen and a 
donor axial ligand where the donor ligand co-ordinates to the 
metal center promoting electron trjuisfer from cobalt to molecular 


oxygen . 



Nit-roaromatics have been employed as acceptors in the study 
of varioous electron donor-acceptor interactions. Among these, 
benzofuroxan and its nitro derivatives are shown to function as 
strong TT -acceptors . An examination of the structure of 4,6- 
dinitrobenzofuroxan (BFO) shows two resonance structures, with 
following cannonical forms indicating a planar hybrid structure. 




A survey of the work done on the molecular complexes of 

Benzofuroxan with various donors are given below. 
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Drost was first to report the charge- transfer complexation 

of 4, 6-dinitrobenzofuroxan with napthalene donor. Though a 

crystalline solid was reported to have isolated in the study, no 

X-ray crystal structural studies are available. Later, the 

acceptor abilities of a series of nitrobenzofuroxans with 

aromatic donors, napthalene, 2-pheny Inapthalene , 1 -phenyl 

napthalene, 1-n-hexyl napthalene and tetrahydronapthalene have 
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been evaluated using spectral studies. These investigations 

reveal that the relative order of acceptor strengths vary as 

Benzotrifuroxan > Nitrobenzo difuroxan > 4, 6-dinitrobenzofuroxan 

> 5, 6-dinitrobenzofuroxan. Nitrobenzofuroxans form coloured 

compounds on complexation with substituted benzenes exhibiting 

94 

charge “ transfer band at 478 nm in chloroform. The formation 

of electron donor- acceptor complexes of nitrobenzofuroxans with 

indole, xylene, octahydroanthracene etc. have also been 
94 


reported. 



A report on the molecular complexation of benzofuroxans with 
two porphyrins, Co(II) meso-porphyrin IX dimethylester and Co(II) 
etioporphyrin have been described by Hill et al. These studies 
are restricted to the evaluation of binding constants and the 
associated thermodynamic parameters for the charge- transfer 
complexes formed. In this chapter, the studies on the 

24 - 2 + 2 *^“ 

interaction of metal loporphyr ins (M = Co , Zn and Cu ) and 

Cobalt tetraphenyl chlorin (CoTPC) with 4 , S-dinitrobenzofuroxeui 

(BFO) (Fig. 3,1) monitered by spectroscopic methods have been 

described. Initially all the metal loporphyrins form molecular 

complexes with the electron acceptor BFO. However with time only 

cobalt (II) porphyrins and Co(II)TPC undergo oxidation to the 

corresponding Co (III) derivatives resulting in the formation of 

cobalt(III) porphyrins and the anion radical of BFO. The 

electron- transfer is facilitated in the presence of molecular 

oxygen- The rate of oxidation is found to be dependent on the 

porphyrin ring substituents as well as on the solvent mixture 

used. In the case of CoTPC, first the oxidation of cobalt (II) 

TPC to cobalt ( 1 1 ) TPP occurs and this is followed by metal 

oxidation to give the cobalt (III) porphyrin. The oxidation of 

the cobalt (II) porphyrins and formation of the anion radical of 

BFO has been monitored with the aid of ESR. The g-value and "the 

line width of the BFO radical compare well with that of the 

1 19 

anion formed by chemical reduction. H and F NMR data confirm 
the occurrence of the electron-treunsf er reaction. 

3.2 EXPERIMENTAL 

Purification of solvents for spectral studies and the 
synthesis of 4 , 6-dinitrobenzofuroxan have been described in 
chapter 2. 
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Fig. 3.1 Molecular structures of various cobalt(II) tetrapyrrol 
and 4,6-dinitro benaofuroxan (BFO) . 



were 


H2TPP^®, H2TPPd20^^, H2TPP(CX:H3)4 , H2TPPBr4®^ 
prepared following the literature procedures. H 2 TPPF 20 H 2 OEP 
were procured from Aldrich chemicals, OSA, Tetraphenyl chlorin 
(H 2 TPC) was prepared from H 2 TPP by Whitlock’s procedure.^®® The 
purity was checked by visible absorption and NMR spectra. 

)CHCl 3 : 651 (41x10^); 597 (6.0x10^); 546 (11.5x10^); 

519.5 (16x10^); 419 (18x10^). 

NMR (CDCI 3 ): -1.44 PPto (2H. s, NH); 4.16 PPm (4H, s, 

CH 2 ). 7. 6 - 8 . 2 PPm (20 H, m. Phenyl); 

8 . 4-8 . 6 PPm ( 6 H, m, pyrrole). 

3.2.1 General metphod of preparation of Cobalt(II) porphyrins^^^ 

Cobaltdl )porphyrins [Co(II)P] were prepared by refluxing 

H 2 P(P = porphyrin) and cobalt acetate in freshly distilled DMF 

containing a drop of acetic acid for 6 hours. The solvent was 

removed under reduced pressure and the resulting solid was washed 

with water to remove excess cobalt acetate. The crude product 

was purified by column chromatography over basic alinnina using 

CHCI 3 as the eluent. Initially, the unreacted free base 

porphyrin moved as a purple band followed by the cobalt porphyrin 

which came as a reddish band. The pure cobalt porphyrin was 

obtained after recrystallization from CHCl 3 :MeOH (1:1). The 

purity of these cobalt porphyrins was checked by visible 

absorption spectroscopy. The absorption data (Table 3.2) are in 

102 

good agreement with literature values. 

CuTPP and ZnTPP were prepared using a similar method. 
Cu ( I I ) acetate and Zn(II)acetate were employed as metal carriers. 
The visible absorption spectral data of CuTPP and ZnTPP are as 
follows. 



CuTPP in benzene. 

X (nmXlog £ ) . 
max 

580 sh (3.34), 541(4.32), 417(5.64) (observed) 

580 sh (3.34), 540(4.30), 417(5.65) 

ZnTPP in Benzene: 

1 (nm)(log £ ). 

'max 

588(3.62), 512(3.5), 548(4.38) and 422(5.75) (observed). 

589(3.62), 512(3.51), 548(4.38) and 422(5.75) lit.^®^ 

3.2.2 Preparation of Co(II) tetraphenyl chlorin (CoTPC): 

Cobalt (II) TPC was prepared by refluxing H 2 TPC (20 mg) and 
cobalt acetate (16 mg) in a mixture of freshly distilled EWF (10 
ml) and acetic acid (10 ml) for 6 hours under argon. The solvent 
was removed under reduced pressure and the crude product obtained 
was washed with water to remove excess cobalt acetate and the 
resulting solid was dried. Recrystallization from CHCI 3 - 
petroleum ether (1:1) afforded pure crystalline solid (14 mg, 
yield - 64%). Purity was checked by visible absorption spectrum 
in chloroform. 

^max <““) (fi)' 615 (14.07x10^); 570 sh; 528(6.34x10^) 

and 411 (11.33x10^) 

3.2.3 Preparation of Co(III) TPP (0CH3)4C1 

Co (II) TPP( 0 CH 3)4 (0.15 g) was suspended in methanol (150 
ml) containing concentrated hydrochloric acid (1.5 ml). The 
suspension was stirred at room temperature in an open flask for 
several hours, till the solution gradually ch 5 aiged to reddish 
purple. The solution was filtered and concentrated under 



reduced pressure. The separat-ed crystalline solid was collected, 

washed with water, and then with a small amount of a methanol - 

water mixture ( 2 : 1 ), dried at room temperature, and was 

recrystallized from methanol and then from chloroform - ether 

(yield, 0.1 g). The purity was checked by visible absorption 

spectrum in chloroform, ^max • 546, 581, 429; compares well 

103 

with literature report. 

The CoTPP(d 2 o)Cl was prepared using a similar method. 
H 2 TPP(d 2 o) used as the starting material. The purity was checked 
by visible absorption spectrum in chloroform. 

Amax (nm) : 549.5, 586, 433.5. 

3.3 RESULTS AND DISCUSSION: 

2+ 2+ 

3.3.1 Studies on Zn and Cu porphyrin derivatives: 

The metal derivatives of H 2 TPP and H 2 TPP( 00113)4 (M = Cu^^ 
2+ 

and Zn ) exhibited intense absorption bands (Q-bands) in the 

visible region (500-600 nm) in chloroform. The electron 

acceptor, BFO has no absorption in this region and shows intense 

absorption only in DV region (see chapter 2 for details). 

Addition of increasing amounts of BFO to CHCI 3 solutions of 

2 + 2 + 

metal loporphyr ins (M = Zn and Cu ) progressively decreased 
the intensity of the Q-bands of the donors with the appearance of 
isosbestic points with broadening of the Q-bands indicating the 
possible formation of molecular complexes between 
metal loporphyr in and BFO. The association constants for the 
interaction were evaluated by NMR method monitoring the proton 
chemical shifts observed for the BFO protons upon increasing 
addition of ZnTPP. A typical procedure is given below. 



A stock solution of ZnTPP was prepared by weighins definite 
amount of ZnTPP (30 mg) into a 10 ml volumetric flask. This was 
dissolved in CDCI 3 containing 1% TMS and made up to the mark. In 
a similar manner the acceptor, BFO (25 mg) was weighed out into a 
10 ml volumetric flask and was dissolved in CDCI 3 containing 18^ 
TMS . 0 . 5 ml of the acceptor solution was added to each of the 

six NMR tubes. The resonance positions of the acceptor protons 
were recorded. Now, varying amounts of (0.1 ml - 0.6 ml) 
ZnTPP stock solution was added to each NMR tube containing 0.5 ml 
of BFO. The NMR spectra were recorded immediately after 
mixing. The concentrations of BFO and ZnTPP employed are given 
in Table 3.1. 

The NMR spectrum of BFO in CDCI 3 consists of resonances 

7 6 

centered at 9.15 ppm and 8.85 ppm corresponding to H and H 
protons respectively. It was fovind that the proton resonances of 
BFO shifts to higher field on increasing addition of ZnTPP. The 


multiplet 

structure 

5 7 

of H and H proton resonances 

of 

BFO 

remained 

unaffected. 

The NMR shifts of BFO protons 

on 

addition 

of ZnTPP in CDCI 3 are given in table 3.1. The 

shifts 

experienced by BFO 

protons are analysed as follows. 


The 

formation 

of a 1 : 1 

molecular complex can be described 

by 

the 


following equation, 

D+ A^::. -^^ DA 3 . 1 

where D is the donor Zn porphyrin and A is the acceptor, BFO. It 

104 

has been shovm earlier that the observed proton resonance 
shifts of the acceptor on addition of increasing amounts of donor 
are proportional to the association constant through the 
expression. 



Table 3.1: Concentrablona 

of BFO protons. 

1 of ZnTPP 

a 

and the 

observed 

shifts ( b ) 

Concentration of 

ZnTPP q 

X 10 ■’moles/dm'^ 

h’ 

Shift 


Shift 

0 

9.161 

- 

8.846 

- 

1.12 

9.065 

0.086 

8.755 

0.093 

2.24 

8.986 

0.166 

8.669 

0.179 

4.48 

8.838 

0.313 

8.510 

0.338 

6.72 

8.708 

0.443 

8.369 

0.479 

8.40 

8.635 

0.516 

8.289 

0.559 

(a) Concentration of BFO 

employed 

is 1.09x10 ^ M. 





3.2 


[l+KiA(l- = [KiD( - DKi)] 

Rearreunglng this, 

1/^ = C(1/D^1)A(1--^/A^) + 1//^^ + 1/KiD^O 3.3 

where D is the concentration of the porphyrin, A is the total 
concentration of the acceptor, ^ is the observed shift of the 
proton reson 2 aice of the acceptor relative to that of the free 
acceptor, is the shift in the fully formed complex and Kj 

is the association constant. 

A simplified version of (3.3) can be obtained neglecting the 

term A(l-^/^l). Thus, 

1/^ = 1/DKi^l + l/^i 3.4 

A linear plot is obtained when 1/A is plotted against 1/D 

yielding an intercept of 1/^1 and a gradient of 1/ . The 

values were computed using a least square fit. The calculated 

value of for proton is 2.514 ppm and for proton 2.733 

ppm. These values were fitted into equation (3.3) to get the 

best fit for the plot of 1/A vesus A(l- A regression 

program was employed to arrive at the best value for Kj emd . 

5 3 

Thus the Kj values obtained are, for H proton, 58.3x10 + 

-3 -17 3 -3 -1 

10 dm mole and for H proton 56x10 + 10 dm mole 

2 + 

The complexation of Cu porphyrins was monitored by ESR 
studies. It is well known that the CuTPP gives well resolved 
spectra with hyperfine and super hyperfine lines [gj^ = 2.185, g^^ 

= 2.047, = 208.1xl0"^cro"^; a[J = 16. 7xl0"‘^cm"^ , AjJ = 

14. 7x 10~‘*cm~^3. The addition of BFO to CuTPP shifts the signals 
to higher fields thereby decreasing the values of g^^ and gj_ . 
The ESR data are listed in table 3.3. Inspection of table 



values 


shows the following changes: a small decrease in A^j 

Cu 

while Aj_ values increase relative to that of free CuTPP. Also, 
there is simultaneous increase in both A^ and A^ values (A^j = 
15.72x10 ^cm ^ and A^ = 16.61x10 ^cm ^). These changes are in 
accordance with the formation of molecular complexes between 
CuTPP and BFO. 

3.3.2 Studies on Cobalt(II) Porphyrins: 

(a) Ylslble absorption methods: 

The absorption spectra of various cobalt (II) porphyrins in 

83 

organic solvents are well characterised. Addition of 

increasing amounts of BFO to a CHCI 3 solution of various 

cobalt (II) porphyrins decreased the intensity of the Q-bands with 

the appearance of well defined isosbestic points indicating the 

formation of a molecular complex in solution. The stoichiometry 

106 

of the complexes determined as described earlier was fovind to 

be 1:1. However, with time, a red shift of the absorption bands 

(Q-bands ~ 14 nm and Soret " 20 nm) was observed in all the 

cobalt (II) porphyrins studied. The absorption changes of a 

solution containing cobalt (II) TPP (3.42 x 10 ^M) and BFO (1 x 

10 M) with time in the presence of molecular oxygen is shown in 

Fig. 3.2. CodDTPP in CHCI 3 shows a strong Q©-! band at 628 nm 

which completely obscured the very weak Q©-© component and an 

intense Soret band at 411 nm. In the presence of BFO, with time, 

the following changes were observed: (i) The disappearance of 

Qq-I band at 528 nm, (ii) the appearance of a new Q©-! band at 

644 nm and Q©-© band at 584 nm and (iii) disappearance of the 

Soret band at 411 zun and appearance of a new Soret band at 430nm. 

82 

These observed changes are consistent with the oxidation of 
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cobalt(II) TPP to [CodlDTPP]'^ in the presence of BFO. The band 
positions match well with the absorption spectrum of cobalt (III)- 
TPPCl.^®^ All the Cobalt(II) porphyrins listed in Fig. 3.1 show a 
similar behaviour upon interaction with BFO, but the time 
required for complete oxidation was different depending on the 
substituents present. The absorption data for all these 
cobalt (II) porphyrins before and after the interaction with BFO 
are listed in Table 3.2. 

It is well known that the cobalt (II) protoporphyrin IX- 

dimethylester [Co(II)P] undergoes oxidation to its cobalt (III) 

derivative in presence of amine ligands and molecular 
29 31 

oxygen. ’ It was argued that the coordinated amine ligand or 

coordinating solvent acts as electron donor promoting an electron 

transfer from [Co(II)P] to molecular oxygen to yield the final 

product [L 2 Co( III )P 3^. In the present study, in order to 

vinderstand the role of molecular oxygen, oxidation was also 

followed in the absence of oxygen. Samples were prepared on a 

high vacuum line. After several freeze/thaw cycles the solutions 

of BFO and cobalt (II) porphyrins were mixed and the optical cell 

was vacuum sealed. The spectrum recorded as a function of time 

[Insert Fig. 3.2] shows the existence of both cobalt (II) and 

cobalt(III) species in solution. However, the oxidation was not 

complete even after 24 hours. The presence of one isosbestic 

point at 424 nm suggests that only two species are present in 

solution. When the solution is exposed to air, a complete 

conversion to the cobalt(III) species is achieved within an hour. 

It is known that the coordination of a ligand in the axial 

34t 106 

position of cobalt (II) is very unfavourable, ’ whereas 

molecular oxygen can coordinate with a tendency of accepting 



Table 3.2: Qirbical absorption data of various Co(II) tetrapy- 
rroles In the presence and absence of BFO. 


Porphyrin 

Q-band(s) 

A(“®) 

Soret band 

Time taken for 
complete oxidation 
(min) 

CodDTPP 

528.0 

411 

- 

CodDTPP + BFO 

544.0, 584 

430 

330 

CodI)TPP(OCH 3)4 

530.0 

414 

- 

CodI)TPP(OCH 3 ) 4 +BFO 543.0, 583 

433 

270 

CoTPP(Br 4 ) 

545 

424 

- 

CoTPP(Br 4 ) + BFO 

556-, 586 

453 

600 

CoTPP(F20) 

527 

406 

- 

CoTPP(F20) + BFO 

539, 579 

430 

450 

CoOEP 

552.5, 521 

392 

- 

CoOEP + BFO 

558.0, 527 

412 

25 

CoTPP(d20) 

628 

411 

- 

CoTPP(d20) + BFO 

544, 563 

430 

300 

CoTPC 

615, 528 

410 

- 

CoTPC + BFO 

543.5, 584 

437 

200 

CoTPP(OCH3)4C1 

546, 581 

429 

- 

CoTPP(d 20 )Cl 

549.5, 586 

433.6 

- 

®CoTPP(OCH3)4 

529 

414 

- 

®CoTPP(OCH3)4 

553, 593 

440 

b 

+2 pyridine 




®CoTPP(OCH3)4+ BFO 

543, 580 

433 

b 

®CoTPP(0CH3)4 

545, 683.0 

432 

b 


+2 CHsONa 

a) in methanol :CHCl 3 (90:10). 

b) in these cases the oxidation was Instantanious . 



electrons which leads to partial oxidation of cobalt giving the 

107 

oxygen super oxide character. The amount of electron transfer 

to O 2 depends on the nature of the ligands co-ordinated to 

cobalt, solvent acidity and solvent polarity. In the present 

study, when the solvent was changed from CHCI 3 to CHCl 3 :CH 30 H 

(1:9 v/v), and methoxide as axial ligand, the oxidation was 

instantameous . The rate of formation of the cobalt(III) 

derivative depends on the concentration of methanol €uad 

methoxide and increases when the concentrations of these reagents 

are increased. The ease of oxidation in these cases are found to 

be directly proportional to the base strength of the bound axial 

ligand. In fact, it has been recently shown that the alkoxides 

strongly bind along the Z-axis of cobalt (II) porphyrins by 

7 

decreasing the tetragonal distortion of d cobalt (II) to form an 

32 

octahedral complex strongly promoting the oxidation. 

It is clear from the above discussion that oxidation is 

occurring both in the presence and absence of oxygen and the end 

product is the formation of anion radical of BFO. However, the 

presence of oxygen ensures complete conversion and enhances the 

rate of oxidation. One of the possible ways in which oxygen 

assists the electron transfer from porphyrin to BFO is via an 

intermediate of the type [L^ Co(II)( 02 )^ ] as suggested 

29 31“32 

previously. ’ The short lived nature of this intermediate 

renders the detection of the superoxide formed, if any, 
difficult. On the contrary in the absence of oxygen any charge 
transfer has to be necessarily via the formation of the charge 
transfer complex with IT -IF type interaction. 

The interaction of BFO could also be of the coordinative 
type where it binds to cobalt axially. The presence of this type 



of interaction is ruled out for the following reasons: (a) IR 

studies show that the strong NO 2 vibrations remain virtually 

vinaffected by the formation of the complex. (b) The absence of 

absorption band shifts induced by interaction of BFO with Zn(II) 

and Cu(II) porphyrins even after 24 hours. (c) Kadish et al. 

have recently observed that binding of CO to cobalt porphyrins 

causes a negative shift of the first oxidation potential and a 

B9d. 

positive shift of the second oxidation potential. By contrast 

all three oxidation potentials remain unaltered in the presence 
of BFO indicating the absence of any site specific interaction. 
Thus it is reasonable to conclude that the interaction between 
the cobalt porphyrins and BFO is of IT- IT type. 

It is seen from table 3.2 that the rate of oxidation of 
cobalt { II) porphyrin to its cobalt (III) derivative depends on the 
porphyrin ring substituents. The presence of electron with- 
drawing substituents (Br, F) reduces the basicity of the 

macrocycle, while the presence of electron donating (C 2 H 5 , OCH 3 ) 

109 

groups increases the basicity of the macrocycle. It has been 

shown that the metal-ligand bond strength as well as the spin 
state of the metal ion is critically dependent on the basicity of 
the macrocycle. Hence the reduced basicity of the macrocycle 
reduces the rate of oxidation in CoTPP(F 2 o) ®iid CoTPP(Br 4 ) while 
the Increased basicity of CoTPP(CXJH 3)4 and CoOEP account for the 
observed increase in rate of oxidation. 

(b) Cobalt (II) (ailorlns: 

The effect of the interaction with BFO on the optical 
absorption spectrum of cobalt (II) chlorin is shown in Fig. 3.3. 
The absorption spectrum of cobalt (II) chlorin in CHCI 3 is 




o o o 

GO < 

d d 

aDuoqjosqv 


£ 



c 

<b 

> 


O 


0) 

o 

-p 


X 

lD 

0 

X 

■p 

rH 

1 

r— 1 

P4 



O 


CJ 



1, 

'H 


<D 

/-N 




o 


(D 

-P 

LO 


6 


». 

s 

-H 

W 

T-t 


-P 


W' 

1 


O 


o 

X 

X 


tH 


IQ 

o 

X 

•H 


P4 

LO 


-P 

m 

o 


u 

. < 

* 

fO <D 

o 

tn 

rH 

to 

Ph 


a 

p 

E-< 


re 

•H 

O 

o 

o 


o 


0^ 0) 


E- XI 

^ -H £h 

<0 

M /-*v 


0 

cn 

/-"s, 


o 

1 

IQ 

C5 


o 

r-| 

•H 

'H 

tH 

ITJ 

s 

0 

X 

> 



CD 

u 



CD 

0) 

<D 

IQ 

• 

-p 


0) 

CO 


•H 

tJO 

<-* 


•H 

•P 

OS 

o 

a 

IQ 

X 

pCf 

•HI 

> 

o 

PQ 

e 



tn 

C-- 


Cl 

o 

•H 

P4 

O 

(0 

X 

< 


'H 

O 

<D 

a 

c 

0 ) 

0) 

u 

Pi 


O 

Q 



O 

o 



f*l 




P 

o 


lO 

rH 

a 




P 


Eh 

•H 


o 

S 

O 

o 


CO 

CO 

tii 

•H 



characterised by two Q-bands; a strong band at 615 nm and a weak 

band at 628 nm and a Soret band at 410 nm. The observed changes 

upon interaction with BFO are (i) a gradual decrease in the 

absorbance at 615 nm (ii) an increase in the intensity at 628 nm 

and (iii) a red shift of the 628 nm beuad to 543 nm with time. 

These changes were followed with varying amounts of BFO since the 

effect (iii) was dependent on the amount of BFO present in 

solution. When the ratio of CoTPCiBFO is (1:10), effects (i) and 

(ii) are dominant, while effects (i) and (iii) are dominant when 

the ratio of CoTPC: BFO is increased to 1:50 and 1:75. The 

intensity decrease at 615 nm and simultaneous increase in the 

intensity of the 528 nm band is consistent with the oxidation of 

the chlorin ring where cobalt ( II )TPC is transformed to 

Cobalt ( II )TPP. A further red shift of the 528 nm band to 643 xun 

reflects metal ion oxidation from Cobalt(II)TPP to CCo(III)TPP3'^. 

The rates of oxidation derived from a plot of the change in 

optical density with time [Fig. 3.3 insert] are 6.44 x 10~^ s~^ 

(1:10), 1.95 X 10"^ s"^ (1:60) and 2.43 x lO"^ s"^ (1:75). These 

values are consistent with those reported previously for similar 
29 31 

systems. ’ It is known that the oxidation of the porphyrin 

ring becomes progressively easier as the macrocycle becomes more 
saturated since the energy of the highest occupied IT -orbital 
increases with saturation of the porphyrin skeleton, The 

oxidation of the chlorin ring prior to the metal oxidation in the 
present study is consistent with the above observation. Thus the 
oxidation scheme for cobalt(II) TPC can be represented as 


Co ( II ) TPC:=^ Co ( II )TPP 


^[CodlDTPP]'^ 


3.5 



3.3.3 ESR studies of cobalt (II) porphsrrlns: 


24 

The oxidation state and the electronic environment of Co 

ion in cobalt porphyrins were found to be affected by the method 

of sample preparation. At room temperature no ESR slgnail was 

observed due to a short spin-lattice relaxation time.^^^ The 
59 2+ 

Co ion having a nuclear spin of 7/2 should give eight 

hyperfine lines due to the magnetic interaction of the unpaired 

2 + 

electron with the nucleus. The odd electron in Co ion is found 

2+ 2+ 

to be in ai(d22) orbital. Thus, unlike Cu and VO porphyrins, 

the study of cobalt porphyrins by ESR offers the possibility of 

112 

looking closely at the aj (d22) orbital. It has been shown 
that the ESR parameters, particularly the g-tensors depend 
strongly on the relative levels of aj (d22) orbital. In presence 
of a solvent, particularly a 0“ - donating Lewis base, there is 
a possibility of axial co-ordination which effects the energy 
level of ai(d 22 ) orbital. 

The theoretical treatment of Co porphyrins are much 
complicated than Cu and VO porphyrins because the electrostatic 
repulsions between the seven d-electrons have to be taken into 
account. Theoretical expressions for g^^ , gj^ , Ajj and 

113 

applicable to Co porphyrins were first derived by Griffiths 

114 

and by McGravey. The inadequacy in these equations lies in 

the fact that g,, can never be greater than g, and hence they are 
II -*• 

not applicable to solvent coordinated complexes. However, there 
are some recent theories for cobalt porphyrins which account for 
wide range of g|| and g^^ values. 

118 

In the present study the treatment of Assour was 

followed. The first order g-tensors can be written as. 



2.0023 


3.6 


«« = 

- 2.0023 ± 6 l/Zi, 3.7 

and for second order calculations, 

= 2.0023-3 ( f/4)^ 3.8 

and gj_ = 2.0023 + 6 ( ^/4) - 6 { f./4)^ 3.9 

where ^ is the energy difference between (d^2) and e states 
and is the spin-orbit coupling constant for Co . The 

hyperfine constants derived from first order calculations are 
Ajj = PC4/7-K -18/7 ( )3 3.10 

= p[-2/7 -K + 51/7 ( )3 3.11 

Here Aj^ and Aj_ are found to be positive and K is negative. 

The ESR spectrum of CoTPP(OCH 3)4 recorded at lOOK in 
toluene-ethanol (3:1) consists of two separate sets of hyperfine 
lines (Fig. 3.4a). The low field set of eight lines corresponds 
to gj^. These hyperfine lines are not equally spaced and this 
progressive splitting of the hyperfine lines is due to the 
substantial second order effect. The high field lines that 
belong to g|| are composed of eight lines with unequal spacings. 
The value of g^ is calculated from the spectrum by measuring the 
field at the mid point of the 4th and 5th line in the low field 
region (perpendiculeur region). Similarly the gjj values were 
calculated by measuring the field at the midpoint of 4th and 5th 
parallel line in the high field region of the spectrum. The 
hyperfine constants were calculated from the expanded 

3.3.4 ESR Spectra of Cobalt porphyrin and BFO Coaplex 

The changes occur ing in the ESR spectrtim of CoTPP(OCH 3)4 
with time on interaction with BFO are shown in Fig. 3.4. ESR 


I 
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parameters derived from the spectra are listed in table 3 . 3 . The 
changes observed immediately following mixing with BFO are (i) 
the spectrum becomes better resolved, (ii) g^^ and gj_ values 
change slightly giving a small Increase in magnetic anisotropy 

n p p 

(g|j “ (iii) a marginal increase in the value is 

found. The magnitude of the magnetic anisotropy value before and 

after complexation has been used to distinguish between the 

molecular complexation and axial ligation by coordinative 
120 

interaction. If the coordinative type of interaction prevails 

in solution the magnitude of magnetic anisotropy is expected to 

be lowered while the reverse is true for the molecular 

complexation. Thus the observed cheuiges are consistent with the 

formation of a molecular complex. However with time the 8 line 

+2 

pattern due to the Co ( 1 = 7 / 2 ) complex is reduced by about 80 % 

upon interaction with BFO and a weak free radical signal in the 

g=2 region is generated. In the presence of air there is a 

drastic reduction in g and A values and the ESR spectrum is 

1 21 

typical of a cobalt (II) porphyrin: O2 adduct. Addition of BFO 

to this solution results in the gradual loss of ESR signal due to 
the adduct and appearance of a weak free radical signal in the 
g =2 region. Fig. 3.5 shows the decrease in Intensity of ESR 
signals [2 lines in parallel region and 2 lines in the 
perpendicular region] of Cobalt (II) species with time. The 
radical signal is weak probably due to the decomposition of BFO 
formed. When the solvent was changed from CHCI3 to CHCl3;CH30H 
( 1 : 9 ), the ESR signal due to the cobalt ( II )-02 adduct was lost 
immediately after addition of BFO indic9.ting that the cobalt (II) 
species has been oxidised to its cobalt (III) derivative 
consistent with the absorption data. To make sure that the free 



Intensity 



012345 6 78 


Time (hours) 

Fig. 3.6 Variation oi intensity of ESB signals upon interaction 
with BFO as function of time. 
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a) Immediately after mixing 



radical signal observed was due to the anion radical of the 

acceptor, BFO was chemically reduced with potassium metal In 

dlmethoxyeth 5 me . At room temperature, the £SR signal Is well 

resolved with 15 hyperflne lines (Fig. 3.6) due to two nitrogens 

and two protons [au = 8.56 and ag = 3.16]. However, at low 

temperature these lines merge to give a single broad line. The 

g-values and the line widths of the radical signals obtained with 

the cobalt (II) porphyrin ; BFO complex compare well with the free 

radical signal (table 3.3) supporting the conclusion that the 

BFO radical is formed. Furthermore, the cyclic voltammogram of 

BFO in CH 2 CI 2 shows one irreversible reduction wave at E 1/2 = 

0.070V. This value compares well with those of conventional 

aromatic IT- electron acceptors which are known to form 

121 

molecular complexes. 

3.3.5 HiR Studies: 

The HMR spectra of cobalt porphyrins were recorded in 

CDCI 3 using TMS as an Internal standard. The ability to observe 

narrow, well resolved lines can be traced directly to the 

presence of efficient electron spin releucatlon such that Tj^ >> 

*^r ^^le ~ slsctron spin relaxation time, = rotational tumbling 

time of the complex). The NMR spectra of low spin cobalt 

porphyrins are well \mderstood. The review by Lamar and F. Ann 
119 

Walker gives the deitalls of the studies done on the low spin 
Co(II) porphyrins. 

The NMR data of the cobalt (II) porphyrins investigated In 
the present study and their complexes with BFO are listed In 
table 3.4. The resonances of paramagnetic cobalt (II) porphyrins 
are expected to be broad and down field shifted because of the 





Fig. 3.6 ESR spectra of BFO anion radical (A) (i) Simulated at 
R.T., (ii) Chemically reduced BFO at R.T., (iii) 
Chemically reduced BFO at lOOK- (B) (1) Signal 

obtaiiied from CoTPP: BFO Complex at lOOK. (ii) 
Chemically reduced BFO at lOOK. 


Table 3.4: MMR Chemical Shlfba (ppm) and line wldtha (Hz) of (k>bal*t Porphyrins in 
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Co(II)TPP(F 20) + BFO - - 9.04(s)[6.03 



2 2 

presence of the odd electron in d 2 orbital with ground 

119 

state. The resonances of the oxidised product are expected to 

be sharp, consistent with the formation of low spin Co (III) 

derivatives. The NMR spectrum of BFO in CDCI 3 consists of 

resonances centered around 9.15 ppm and 8.85 ppm corresponding to 
7 5 

the H and H protons (Fig. 3.1), respectively. In the presence 

of cobalt (II) porphyrins, these resonances become broad and 

experience a down field shift consistent with the formation of 

120 

molecular complex. From the concentration dependence of these 

105 

shifts equilibrium constants have been calculated. The effect 

of interaction with BFO on the NMR resonances of cobalt ( II )TPP 
(d 2 o) is shown in Fig. 3.7. For comparison the NMR of 

Cobalt ( III )TPP (d 2 o)Cl in CD 3 OD is also included. It is apparent 
from Fig. 3.7 that the broad resonance of cobalt(II )TPP is lost 
upon interaction with BFO and is replaced by sharp, upfield- 
shifted resonance. The chemical shift and the line width of the 
CoTPP: BFO complex are in good agreement with that of 
Cobalt ( III )TPPC1 consistent with the oxidation of a cobaltous 
derivative to cobaltic derivative. The chemical shift and line 
width data also compare well with those given by cobalt (II) 
porphyrin- pyridine complexes where it is known that the presence 

29 31 

of axial base facilitates oxidation. ’ 

The proton NMR of Co(II)OEP show three resonances at 29.5 
ppm (s, 126 Hz), 8.79 ppm (s, 35 Hz) and 6.1 ppm (s, 22 Hz) due 

to meso hydrogens, -CH 2 protons and -CH 3 protons of the ethyl 
groups respectively. In the BFO complex all the three resonances 
are shifted upfield to 9.3 ppm (s, 7.4 Hz), 4.2 p]^ (m) and 1.93 
ppm (m) indicating the oxidation. The ^H NMR spectrum of 
Cobalt ( II )TPC is characterized by a broad singlet due to pyrrole 




Fig. 3.7 NMR spectra of (a) CoTPP(d2o) (b) CoTPP(d 2 o) 

containing excess BFO (after 24 hours of mixing) in 
CDCI 3 and (c) Co(III)TPP(d 2 o)Cl in CD 3 OD (The 
concentration of Co porphyrins ~lxlO“^M) . The (*) 
Corresponds to CDCI 3 signal cind (#) corresponds to BFO 
protons (see text). 




protons at 15.9 ppm (117.7 Hz) while the ortho hydrogens of the 
phenyl groups gives a singlet at 13.07 ppm (99 Hz). The meta and 
para hydrogens resonate at 9.68 ppm (44 Hz) while the ^-CH 2 of 
the saturated ring gives a singlet at 7.59 ppm (43 Hz). The NMR 
spectrum was recorded as a fxinction of time in the presence of 
BFO. The spectrum recorded after about 3 hrs of mixing shows the 
absence of the j3-CH2 signal at 7.59 ppm, while the spectrum 
recorded after 10 hours of mixing shows a sharp singlet at 9.39 
ppm (6 Hz) and a multiplet centered around 7.6 ppm for the phenyl 

/t 

protons. This is consistent with chlorin ring oxidation followed 

by metal oxidation as obseirved in the optical spectrum. 

ClK i ... LIBRARI 
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3.3.6 MHR Studies: 
19 
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v». A.l.lZl.89 

F NMR spectra of pentaf luorinated Co(II)TPP both in the 

presence and absence of BFO were recorded. Figure 3.8 shows a 

comparison of Co(II)TPPF 20 » iii "the presence and absence of BFO 
along with diamagnetic Zn(II)TPPF 20 - Tli® Co(II)TPPF 20 shows 
three relatively broad resonances (typical of paramagnetic Co(II) 
porphyrins) at -133, -160.14 and -150.41 ppm (with external 

reference CF 3 COOH at -76.5 ppm) attributed to ortho, meta and 

paraf luorines of phenyl rings. These assignments were made on 

19 122 

the basis of F NMR of pentaf luorinated benzene . Upon 

interaction with BFO the spectrum was well resolved as in 

diamagnetic Zn(II) derivative and all the fluorine resonances 

experienced an upfield shift [-137,55, -161.70 and -162.84 ppm, 

Jo-m 19-5 Hz]. These chemical shifts and coupling constants are 

comparable to that of the diamagnetic ZnTPPF20 [-137.49, -162.67 

and -153.015 ppm and Jo-m 19-53 and Jm-p 19,5 Hz] indicating the 


formation of diamagnetic Co (III) derivative. 
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-140 


-150 

(ppm) 


-160 


-170 


Fig. 3 


8 NMR spectra of (a) C0TPPF20. (b) C0TPPF20 

containing BFO (spectrum recorded after 48 hours of 
mixing) and (c) 2 nTPPF 20 CDCI3. 


The formation of a peroxobinuclear cobalt dimer of the type 

[ (S)PCo( 02 )CoP(S)] was also considered because of the known 

existence of such complexes in aprotic, non-coordinating 
31 

solvents. The existence of this type of peroxodimer in the 

present study was ruled out on the basis of the following 

experimental observations; (i) the presence of an ESR signal in 

the g=2 region assigned to the anion radical of BFO. (ii) It is 

known that Co(III)TPPCl releases its chloride upon dissolution in 

methanol and yields CCo{ III) (CH 3 O) (CH 3 OH)] . The 

resemblance of both optical and NMR spectra of Cobalt 

porphyrin - BFO complexes to those of Co(III)TPPCl strongly 

suggests the formation of mononuclear Co(III) species in 

solution. (iii) The similar magnitudes of chemical shifts and 

coupling constants of Cobalt porphyrin -BFO complexes of cobalt 

porphyrin -pyridine adducts indicated the formation of diamagnetic 

Co (III) porphyrins (Table 3.4). (iv) The magnitude of the Soret 

band shift was used previously to distinguish between the 

formation of a binuclear peroxodimer and mononuclear Co (III) 
32 

porphyrin. The observed magnitude of Soret shifts (Table 3.2) 
are consistent with the formation of mononuclear Co(III) 

porphyrins . 

3.4 CONCLUSIONS: 

The results obtained herein, indicate that the BFO forms 

2 + 2 + 

predominantly 1 : 1 complex with Zn and Cu porphyrins . The NMR 

and ESR data are helpful in arriving at a possible geometry of 

7 5 

the complexes in solution. The fact that both the H and H 
protons of BFO experience similar magnitude of downfield shift 
upon increasing addition of porphyrin solution imply that these 


■two protons are experiencing the similar ring current effect from 

the porphyrin ring. This is possible when BFO and porphyrin IT - 

planes are essentially parallel. Thus, two possible geometries 

of the complexes in solution are visualized (Fig. 3.9) as (a) BFO 

can be positioned above one of the pyrrole rings at Van der 

Waals distance such that one of the NO 2 groups of BFO is pointing 

towards metal ion. Alternatively (b) BFO can be positioned above 

the porphyrin plane such that the aromatic ring of the BFO lies 

exactly above the center of the porphyrin core facilitating the 

TT -TTinteraction. Similar solution structures have been proposed 
120 

earlier. In the absence of X-ray structural evidence it is 

difficult to decide among the two alternative structures proposed 
here. 

In the case of Co(II) porphyrins, it has been clearly shown 
that all the Co (II) derivatives undergo metal centered oxidation 
to Co(III) derivatives. While in the case of Co(II) chi or in, 
first the ring oxidation followed by metal oxidation occurs upon 
interaction with BFO. The redox products have been characterized 
using various spectroscopic methods. 




the substituents on porphyrin are omitted. 



CHAPTER 4 


INTERACTION OF WATER SOLUBLE METALLOPORPHYRINS WITH NUCLEIC ACID 

BASES 

4.1 INTRODUCTION: 

In the previous chapter, it has been shown that the 
interaction of various metalloporphyrins with an electron 
acceptor (BFO) results in the formation of molecular complexes as 
well as the charge separated species and A (where D is the 
porphyrin donor and A is the acceptor) . It has been well known 
that^^^’^^^ in the presence of strong ‘^“donors, 

metalloporphyrins act as acceptors in general appear to be much 

1 23 

weaker than in which they act as IT -donors. Hill et al 

observed only very weak complex formation between TT -donors and 

Mn(III) meso-porphyrin IX dimethyl ester at room temperature. 
124 125 

Walker ’ has studied the complexation behaviour of nvimber of 

amine and other nitrogen bases towards metalloporphyrins by ESR 

spectral method and has concluded that the aunines and bases 

axially coordinate to the metal ions forming five/six co-ordinate 

1 26“1 28 

complexes. There have been number of studies in 

literature on the thermodynamics and kinetics of axial ligation 

of metalloporphyrins. These studies indicate that the basicity 

of porphyrins are considerably affected by the nature of the 

129 

axially ligating molecules. Baker et al from their extensive 

studies have shown that metalloderivatives of number of 

porphyrins form higher coordinate complexes with ligaunds such as 

pyridine, imidazole etc. Studies on low spin Co(II) porphyrins 

have received considerably more attention because of their 

130-132 

capacity to bind molecular oxygen reversibly. 



Recent-ly it. has been shown t-hat the water soluble tetra- 

cationic porphyrins and metal loporphyr ins form molecular 

complexes with DNA and DNA constituents such as nucleosides, and 
133 

nucleotides . It is interesting to note that the nucleic acid 
bases (Adenine, cytosine, Guanine, and Thymine) have donor co- 
ordinating sites but they prefer to form a stacking type 

complex with water soluble metal loporphyrins rather than binding 
axially to the metal center. A perusal of literature indicate 
very little studies on the interaction of nucleic acid bases with 
metal loporphyrins . In this chapter we have chosen to study the 
interaction between the water soluble metal tetrakis (4-N- 
methylpyridyl ) porphyrin [MTMPyP, M = Cu^^, Zn^^l (Fig. 4.1) with 
an aim of evaluating the stability. Stoichiometry and structure 
of molecular complexes. Such a study would help to delineate any 
site specific interaction that may prevail in such complexes. 
The nucleic acid bases chosen for the study are adenine, 
cytosine. Guanine and Thymine. Electronic absorption method has 
been used to evaluate association constants (K) and ESR 
measurements were helpful in assessing the axial perturbation in 
the metal upon complexation. 

4.2 EXPERIMENTAL: 

Meso-tetrakis (4-N-methylpyridyl) porphyrin CH 2 TMPyP] 
procured from Strem chemicals, USA, was used without any further 
purification. The nucleic acid bases were obtained from Sisco 
Research Laboratories, Bombay (India) and were used as received. 

Solvents employed in the synthesis and spectral measurements 
were purified as described in chapter 2. 
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Fig. 4.1 Molecular structures of MTMPyP and Nucleic acid bases. 



The electronic absorption method employed for the evaluation 

of association constants involved the measurement of absorbance 

of Soret band of the metal porphyrin on increasing addition of 

different bases. The concentration of the porphyrins were held 

“ 6 

constant ( " 10 M) and the range of concentration of the bases 
employed were ~5 x 10 ^ to 2 x 10~^M. 

The description of the Instruments used are given in chapter 

2 . 

4-2.1 Prepation of metallo tetrakis ( 4-H-inethylpyridFl ) 
porphyrins (MTMPyP):^^^ 


Metallo derivatives of H 2 TMPyP have the two central imino 
hydrogens replaced by a metal ion. The metallation step can be 
represented as 


- 2 ^ 


H2TMPyP 


TMPyP 


2 - 


M 


2 + 


:^MTMPyP. 


+ 2H 


-M 


2 + 


2 + 2 + 2 + 

Cu , Zn and Co derivatives of TMPyP prepared as following 


procedures 
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4.2.1a Preparation of Cu^’*^TMPyP 


H 2 TMPyP (150 mg) was dissolved in 100 ml of DMF and 100 mg 
of Cu(II) acetate (in 10 ml of DMF) was taken in a 250 ml round 
bottomed flask. After adding few drops of glacial acetic acid 
the mixture was refluxed for 6 hours. The solvent was removed 
under reduced pressure. The pure Cu(II) TMPyP was obtained after 
recrystallization from Chloroform-methanol (1:1). Yield: 130 mg 
(83%). 



^ max ^ • 424 i ^ — 2.31 x 10 ^ cm ^ ) , 

4.2.1b Preparabion of Zn^^TME*yp: 

A mixture of H 2 TMPyP (150 mg) in 100 ml of DMF and 100 mg of 
Zinc acetate in 10 ml of DMF was taken into a 250 ml round 
bottomed flask. The mixture was refluxed for 1 hour after adding 
few drops of acetic acid. The solvent was removed under 
reduced pressure. The crude product was recrystallized from 
chloroform-methanol (1:1) gave pure ZnTMPyP. Yield 140 mg (89%). 

'^max(nm) = 437 ( £ = 2.04 x 10^M“^cm~^). 

4.2.1c Preparation of CoCIDTOPyP: 

Co(II) TMPyP was prepared by refluxing H 2 TMPyP (100 mg) and 
Co (II) acetate (100 mg) in methanol (100 ml) containing a drop of 
acetic acid for about 6 hours under nitrogen atmosphere. The 
solvent was removed under vacuum and the crude product was 
recrystallized from 1:1 mixture of chloroform: methanol (1:1). 
The purity was checked by absorption spectrum. Yield: 80 mg 
(77%). 

-^max ■ 429 nm and 543 nm. 

4.3 RESULTS AND DISCUSSION: 

4.3.1 Optical absorption studies and evaluation of association 
constants: 

The metal derivatives of TMPyP exhibits intense absorption 

bands in the visible region the position of which depends on the 

nature of the metal ion in the porphyrin cavity. There is some 

135 

controversy regarding the aggregation state of this porphyrin 
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But Pasternack et al . have shown that H 2 TMPyP exists as 

monomer in solution upto about 40 mM. In the present study the 

concentrations of porphyrin used were less than 40 mM and we 

presume that H 2 TMPyP exists as monomer in solution. 

Addition of nucleic acid base to the porphyrin solution 
decreased the absorbance and in some cases a red shift of the 
absorption maxima is also observed. Fig. 4.2 shows the effect of 
addition of adenine, guanine, cytosine and thymine on the 
absorption spectra of CoTHPyP. It is clear from the figure that 
in all the cases the absorbance of the porphyrin decreased upon 
addition of nucleic acid bases and a considerable red shift of 
both the soret band [429 nm to 438 nm] and Q-band [543 nm to 552 

nm] was observed upon addition of adenine. The 2n and Cu 

derivatives of porphyrin also shows the same behaviour but no red 
shift of the absorption bands was observed on addition of 
adenine. To evaluate the binding constants the absorption 
spectrum of the metalloporphyrin in the (Soret) region was 
further followed as a function of increasing base concentration 
(Figs. 4.3 and 4.4). The observed effects are: (i) a gradual 
decrease in the absorbance of the metal porphyrin with increasing 
concentration of base, (ii) a slight broadening and a small red 
shift (< 2 nm) of the absorption bands. This is consistent with 

the formation of molecular complexes between metalloporphyrin and 

, 105, 120, 133 

the base 
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The electronic absorption method developed by Nash has 
been used to evaluate the association constant (K) as follows. 
The equilibrium reaction between an electron donor (D) and an 
acceptor (A) resulting in the formation of a 1;1 donor acceptor 
complex (DA) can be represented as. 



Absorbance 






. . . 5.1 


D + A ^ DA 

The equilibrium constant, for this equation in the concentration 
units is given by, 

K = Cda/CdCa ... 5.2 

where Cj)Aj Cj) and represent the equilibrium concentrations of 
the complex, donor and acceptor respectively. For this 

equilibrium Nash had derived an equation of the form 

1/Ca = d°/(d°-d)[(K - ^I)A/S)3-K ...5.3 

where d° is the optical density of pure donor, d is the total 

optical density of the complex and the donor. The physical 

significance of this equation is quite clear when the reciprocal 

acceptor concentration is plotted against [d^/Cd^^-d) ] . The 

intercept of the straight line should be negative of the 

equilibrium constant and the slope is related to the molar 

absorptivity of the complex. This equation is made use of in the 

present study to evaluate the association constants. 

The absorption bands (Soret) were monitored to evaluate the 

association constants for MTMPyP, The linearity of the plots of 

d*^/d°-d Vs 1 /Ca (Fig. 4.5) indicated that the predominant species 

that exists in solution is 1:1 complex. The possible existence 

of 1:2 ( metal loporphyr in: base) complexes in solution was then 

137 

analysed using the method of Bent and French . The slopes of 
the logarithmic plots yielded values in the range from 1-1.7 
indicating the existence of higher order complexes. It was 
difficult to quantify the binding constants of these higher order 
complexes as they were present in only very low concentrations. 




Fig. 4.5 Plots of d /d -d versus l/C^ for the interaction of (a) 
CoTMPyP-adenine; (b) CuTMPyP-adenine and (c) ZnTMPyP- 
adenine at 30°C. 




However, "the presence of these complexes did not alter the 

magnitudes of K~values calculated for 1:1 complexes appreciably. 

The interaction of the nucleic acid bases with metal loporphyr in 

could also be of coordinative type where they can bind to the 

metal axially forming strong complexes like in pyridine or 
138 139 

imidazole ' . If such kind of interaction exists, then a 

large red shift of the soret band as well as the Q~ban<is is 

expected in all the cases because of the formation of five/six 

coordinate complexes. The failure to observe the expected red 

shift in all the cases at least in the soret region indicates 

that the interaction between the macrocycle and the nucleic acid 

base is of the stacking type with H-TT interaction. A similar 

observation is made recently by Saterlee et al. for the 

140 

interaction of uroporphyrin with quinine 

It has been shown in the previous chapter that the Co(II) 

porphyrins in the presence of molecular oxygen and amine ligands 

31 32 

undergoes oxidation to Co(III) porphyrins * . The red shift 
observed in the case of CoTMPyP- adenine could be due to the 
oxidation of Co^^TMPyP to Co^^^TMPyP in presence of molecular 
oxygen and adenine. The position of the absorption maxima also 
agree well with this observation. The peak at 429 nm in the 
soret region is characteristic of the Co^^TMPyP while that peak 
is shifted to 438 nm which is characteristic of Co^^^TMPyP^^^ . 
This observation is also supported by the ESR studies where the 
signals due to the paramagnetic Co^^ (I = 7/2) is lost upon 
addition of adenine in presence of molecular oxygen. However, it 
is not yet clear why only in the case of adenine the shift in the 
absorption maxima was observed while in the case of cytosine, 
guanine and thymine no shift was observed. 
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The binding cons'tant.s evaluated from the optical data are 

listed in Table 4.1. For comparison the K-values obtained by 

133 

Pasternack et al . for the corresponding monophosphates are 

included in the table. It is seen from the table that the K- 

values obtained in the present study are of comparable magnitude 

to those determined by Pasternack et al . for the nucleosides and 

nucleotides. The binding constants for CuTMPyP is higher than 

those observed for ZnTMPyP for both cytosine and adenine. The 

values observed for CoTMPyP are higher than those observed for Cu 

and Zn complexes. It is difficult to quantify the data obtained 

for CoTMPyP since it is undergoing oxidation to Co^^^TMPyP. 

However, the higher value of binding constant for CuTMPyP 

relative to ZnTMPyP for both adenine emd cytosine could be 

explained by considering the structure of the macrocycle. It is 

known that all the metalloporphyrins possess a rigid structure 

and the positive charges are located on the alkylated pyridine 

residue of the porphyrin. The pyridinium ring is out of the 

plane with respect to porphyrin plane. The CuTMpyP shows little 

tendency to bind axial ligands and exists as a 4-coordinate 

species in aqueous solution while the ZnTMPyP is five coordinate 

with the axial water and Zn is out of plane of the porphyrin 
142 

core . Since the complex formation is of stacking type with 
TT interaction the presence of axial ligand on the metal 

hinder the TT - “VI interaction and this is reflected in the 

magnitude of binding constants, 

4.3.2 ESR spectra of complexes: 

The ESR spectral studies on paramagnetic Cu(II)TMPyP and 
CodDTMPyP were carried out to estimate the extent of axial 
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Table 4.1: Binding consbanba K[diii nol 3 of MTHPyP c<Miiplexes 
with nucleic acid bases (pH 6.5; temp. 30°C) 


Metal 

porphyrin 


K X 10 ^ 

(dm^mol with 


Adenine 

dAMP* 

Cytosine 

dCMP* 

CoTMPyP 

3.45 

- 

7.50 

- 

CuTMPyP 

1.85 

1.80 

0.81 

1.00 

ZnTMPyP 

1.03 

0.90 

0.45 

0.30 


* Data taken from ref. (134). 





psr'turba'bion and "tlie changes in the electronic structure of the 
metal ion on complexation. 


4.3.2a KSR spectra of Cu(II)TMPyP: 


The ESR spectra of copper porphyrins have been extensively 
143 144 

studied ’ . The electronic ground state of a Cu(II) 

porphyrins is with configuration (b 2 )^ (e)^ (ai)^ (bi)^ 

2 2 2 

Ebj[ ( dx “y ) > ® 1 ( ® ( ^xz * ^yz ^ and bg ( ) ] . 

The ESR spectra of CuTMPyP and its 1 : 1 complex with adenine 
are shown in Fig. 4.6 at 100 K in water- glycerol (3'. 1) mixture. 
The ESR spectrum of CuTMPyP consists of two sets of metal 
hyperfine lines corresponds to parallel (g^^ ) and perpendicular 
(gj^ ) regions. The metal hyperfine lines in perpendicular region 
of ESR spectrum are further split by the superhyperf ine 
interaction with four nitrogens of pyrrole rings, permitting the 
calculation of g^ , g^^, A^^^. The third component of the 

copper parallel line is merged with much stronger perpendicular 
lines to some extent while the fourth line in parallel region is 
completely overlapped. The spectrum of the frozen solution was 
interpreted with the spin Hamiltonian for axial symmetry^^^^. 


H = ^[g,, (HzSg) + gj_ (HxSx t BySy) 

+ A^j ^'^(IzSz) + Aj_^^(AxSx + AySy) 

+ Ajj ^dz^Sz) + Aj_*^(Ix*’Sx + l/Sy)3 5. 

where (z,Ij ) and (x, y,X) refer to, parallel and perpendicular 

M N 

directions respectively to the central copper axis. S, I and I 
refer to the electron spin, copper nuclear spin and Nitrogen 
nuclear spin respectively. H is the applied magnetic field and 
P is the Bohr magneton. 
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The g|| values in “the present study were calculated by 

measuring the field at the mid point between the second and third 

copper parallel lines. In the high field region of the spectrum 

(perpendicular region) there are 18 lines which are almost 

equally separated by 15 Gauss. The value of gj^ was calculated 

by measuring the magnetic field at the 8th line of 18 lines 

allow in X region. In the present study, the values of 
N 

and Aj_ were calculated as described in literature. 

2 

The bonding parameter ( ) which is a measure of covalency 

of the inplane bonding of the Cu-N bond was calculated using 
145 

an expression based on the copper hyperfine tensor Aj^j^ as, 

= -[(A„ /P) + (gji -2) + 3/7(gj_ -2) + C] 

where ’C’ is the constant and P (P = 0.0364 cm”^) is a constant 

term proportional to the d-orbital radical integral. 

The ESR parameters are listed in the Table 4.2. Upon 

inspection of the Table 4.2 the following effects are observed 

upon complexation with nucleic acid bases are: (i) a small 

Cu 

decrease in gj^ and and A^^ values and (ii) a small increase 

in the A^^^^ and values. These effects are consistent with 

146 

the formation of the molecular complexes . The manifestation 

of such effects arise from relatively small change in the 

distribution of TT -electron levels of porphyrin TT -system as a 

consequence of TT-TT interaction. Such IT - TT interaction 

causes a change in the electron distribution over the porphyrin 

core affecting the electronic energy levels of the central metal 

ion. The perturbance of electronic levels of Cu is seen in the 

slight decrease in the value of the covalency factor (®C ) of the 

2 

(Cu-N) cr~ -bond. This decrease in c< signifies that the 


Table 4.2: KSR parameters for the interaction of CuTMPyP with 
nucleic acid bases 


Complex 



(cm 

(cm 

(cm 


CuTMPyP^ 

2.198 

2.033 

182.03 

29.67 

14.83 

0.7264 

CuTMPyP- 

2.184 

2.027 

175.50 

31.06 

15.53 

0.6913 

adenine 

CuTMPyP- 

2.185 

2.028 

176.77 

30.83 

15.41 

0.6965 

cytosine 

CuTMPyP^ 

2.197 

2.033 

175.61 

28.53 

14.26 

0.7077 

CuTMPyP- 

Adenine 

2.191 

2.028 

174.15 

32.34 

16.17 

0.6948 

(a) The estimated 

errors 

are 0.001 

for g and 

± ixio' 

"^cm ^ for 


,Cu 


± 0.1 X 10 for values. 


could not be 


determined due to poor resolution of the spectrum. The 
values were determined from partially enlarged spectrum. 

(b) In 1:3 glycerol -water . 

(c) In DMSO. 



bonding is slightly more covalent in the complex relative to the 
free CuTMPyP . A similar observation was made by Iwaizumi et 
ai 146a molecular complexes of Cu-porphyrins with IT - 
acceptors . 

The ESR spectrum of CoTMPyP was not resolved well and is 
characteristic of a typical oxygenated Co complex^^^. Also the 
lines were very weak and did not allow any accurate determination 
of ESR parameters. Upon addition of adenine the signal was 
completely lost and a weak free radical signal at g =2 was 
observed. This is consistent with the oxidation of paramagnetic 
Co^^ to diamagnetic Co^^^TMPyP. The identity of the free radical 
signal is not yet determined with certainty but it resembles like 
a spectrum of superoxide. 

4.4 CONCLUSIONS: 

The spectral data obtained in the present study provides 
some insight into the proposition of possible overlap structures 
of porphyrin and nucleic acid base in solution. The failure to 
see any expected red shift both in Q-b 2 uid region and soret band 
region (CuTMPyP and ZnTMPyP) upon addition of increasing amoiants 
of nucleic acid bases suggest the absence of coordinative 
interaction. Thus, it is reasonable to presvime that the major 
stabilization for the complex arises from the interaction 
of the porphyrin and nucleic acid base. Based on 1:1 
stoichiometry, a structure could be perceived by juxtapositioning 
the base over the porphyrin keeping the intermolecular distance 
at van der Waals interaction level. CPK models indicate that one 
can visualize a structure interms of a plane to plane overlap 
such that the aromatic ring of the bases placed over the center 



Such a 


of "the porphyrin core promoting TT-TT interaction, 
stacking type interaction has been proposed earlier for the 

interaction of uroporphyrin I with Quinine based on the spectral 

140 

data. 

However , the red shift observed for both soret and Q~bands 
of Co(II)TMPyP upon addition of adenine suggest a co~ordinative 
type of interaction. A plot of logCA^-A^/A^-A*^ 3 versus 
log[Adenine] [where the a'^, and are absorbance of CoTMPyP 

in absence of base (A^), in the presence of base (A^) and at 
maximum concentration of base (A*^ )3 gives straight line with a 
slope of 1, indicating that the stoichiometry (Fig. 4.7 ) of 

Co (II) porphyrin to adenine is 1 : 1 . It has been shown in the 

earlier chapter that the Co (II) porphyrins has the tendency to 
co-ordinate amine ligands in the presence of molecular oxygen 
resulting in the formation of Co (II I) porphyrins. Thus it is 
possible that CoTMPyP binds adenine at one of the axial sites 
with the 6th co-ordinate side occupied by molecular oxygen 
undergoes oxidation to Co( III )TMPyP. The position of absorption 
maxima aggrees with the Co(III)TMPyP formulation. The 
disappearance of ESR signal due to Co(II) species upon addition 
of adenine is also consistent with this formulation. 


log [(A^-A^^VIA^-A®)] 




CHAPTER 6 


CATICW AND SOLVENT INDUCED DIHERIZATION OF METALLOTETRACROHNED 

PHTHALOCYANINES 

5.1 INTRODUCTION : 

In earlier chapters 3 eoid 4, the discussions were confined 

to interaction between a porphyrin unit and an electron 

acceptor/donor . It is also possible that the two porphyrins/ 

phthalocyanines which are oriented in a face to face geometry can 

exhibit electronic coupling because of interaction between 

themselves, which result in large changes in the spectral 

characteristics. This chapter describes studies on interaction 

of two phthalocyanine rings containing crown ether voids. 

Recent studies on photosynthetic systems have revealed the 

involvement of dimers and higher aggregates of chlorophyll 

59b 148 

molecules in the photosynthetic pathway. ' Also, the X-ray 

structure of the reaction center (RC) complex of R. viridis 
support the earlier observations that one of the components of 

1 AQ 

the RC is a bacteriochlorophyll dimer [(B. Chi >23 

Several spectral descriptions of the model systems directed 

towards mimicking those of bacteriochlorophyll dimer are 

150 

available in literature. The dimeric porphyrin based model 

systems thus far reported are by covalently linking of two 
monomeric units. But it is well established that there is no 

covalent linkage between two chlorophyll molecules in bacterio- 
chlorophyll dimer [(B.Chl)23. To get an insight into the 
structure and properties of these chlorophyll dimers and higher 
aggregates research has been focussed on the synthesis and study 
of aggregates of chlorophyll like molecules such as metallo- 



porphyrins^^^ and phthalocyanines. 

Recently it has been reported that the dimerization can be 

induced in the porphyrins and phthalocyanine systems containing 

153 

appended crown ethers. In these systems, dimerization can be 

induced by addition of alkali cations to a dilute porphyrin 

solution (CHCI 3 -CH 3 OH) . While this work was in progress. Lever 

et al reported the synthesis, characterization and dimerization 

2 + 2 + * 2 “^ 

of tetracrowned phthalocyanines and its Zn , Cu and Hi 
153 

derivatives. In these systems, the cation induced dimerization 
were studied using optical and magnetic resonance methods. The 
spectral studies indicated a face to face dimer formation between 
two monomeric TT -systems. The ESR studies on copper tetra 
crowned phthalocyanine, indicated that the separation between two 
Cu^^ centers is 4.1 A^. In this chapter we wish to report our 
studies on synthesis and dimerization of metailophthalocyanines 
appended with four crown ether voids at 3,4 positions (MtCRPc, M 
= and Ag^^). The optical and ESR studies indicated an 

electronic coupling between a pair of metallophthalocyanine 
moieties in a cofacial geometry, similar to the studies of Lever 
and coworkers. Furthermore, the ESR studies allowed an 

estimation of distance between the two metal centers and the 

calculated metal-metal distance compare well with that reported 

154 

for similar dimers. 

5.2 EXPERIMENTAL 
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5.2.1 Synthesis of 4,5 dibramobenzo-15-crown-5: 

A solution of bromine (1.93 ml, 5.97g, 37.3 mmol) in acetic 
acid (10 ml) was added dropwise into a solution of benzo-15- 
crown-5 (5g, 18.6 mmol) in acetic acid (30 ml) over 2 hours at 



0 C and "the reaction was further stirred for 24 hours at room 
temperature to yield a yellow precipitate. It was filtered and 
washed with petroleum ether (60-80°). The product was dissolved 
in ethanol (50 ml) and boiled inorder to expel bromine which was 
complexed in the crown ether ring. Cooling to room temperature 
gave the product as white needles. Yield: 3.76g, (60%) : m.p. 

80°C 

NMR (CDCI 3 ): i 7.05(2H,s) and 3. 8-4.1 (16H, m) . 

IR (KBr) : '^aromatic -Br). 650 cm 

5.2.2 Synthesis of 4.6-dicyan6benso-15-croHn-5: 

A mixture of 3g (8.9 mmol) of 4, 5-dibromobenzo-15-crown-5, 
2.39g (26.7 mmol) of CuCN and 1 ml of pyridine in 50 ml of DMF 

was refluxed while stirring for 20 hours under an atmosphere of 
dry Argon. The mixture was cooled and poured into 200 ml of 25% 
aqueous NH 3 solution and stirred for 1 hour. The mixture was 
extracted with CHCI 3 (3 x 100 ml) and the combined organic 
extracts were washed with water (3 x 100 ml ) , dried over 
anhydrous Na 2 S 04 and solvent was evaporated, resulting solid was 
extracted with diethylether using Soxhlet extractor gave a 
colour less crystalline solid, yield 1.9g (67%). m.p.: 151-152°C 
NMR (CDCI 3 ): S 7.15 (2H,s); 3. 7-4. 4 (16H,m) 

IR (KBr) : -^(C S N) 2225 cm"^ 

5.2.3 Synthesis of free base tetra crowned phthalocyanine 
H 2 tCRPc was prepared by refluxing 4, 5-dicyanobenzo- 15-crown- 

3 

5 (1.9g, 5.98 mmol) in 2-(dimethylamino) ethanol (10 cm ) for 24 
hours, a dark green precipitate was separated. The reaction 
mixture was filtered and precipitate was washed with water , dried 



over anhydrous Na 2 S 04 and then chromatographed on basic alumina. 
Initiall yellow band in CHCI 3 discarded. The dark green band 
separated with Methanbl-chlorof orm (2^98 V/V) as eluent gave pure 
product. Yield 0 . 4g (21.2%). 

5.2.4 Synthesis of sine tetra crowned phthalocyanine (ZntCRPc)^^^ 

H 2 tCRPc (25 mg) and Zn acetate (100 mg) in 1: 1 mixture of 
1 , 2 "dichloroethane (20 ml) and ethanol (20 ml) was refluxed for 
24 hours. Solvent was evaporated under reduced pressure and 
resulting solid was washed with water (200 ml). The crude 
product was purified over basic alumina column using CHCI 3 and 
CHCl 3 -MeOH as the eluents. Yellow band eluted with CHCI 3 was 
discarded. The light green band moved in CHCls-MeOH (98:2 v/v) 
was identified as the unreacted H 2 tCRPc. The bluish green band 
eluted with CHCls-MeOH (95:5 v/v) gave the pure ZntCRPc. Yield: 
15 mg (57%) . 

5.2.5 Synthesis of copper tetra crowned phthalocyanine 
((XitCRPc) : 

H 2 tCRPc (25 mg) and Cupric acetate (100 mg) in a mixture of 
1 , 2 -dichloroethane (20 ml) and methanol (20 ml) was refluxed for 
24 hours. The solvent was evaporated under reduced pressure and 
resulting residue was washed with water. The crude product was 
purified by column chromatogrphy over basic alumina using CHCI 3 
and CHCl 3 -MeOH as the eluents. In chloroform the yellow material 
was eluted which was discarded. A light green band which moved 
in 2% CH 3 OH was identified as unreacted H 2 tCRPc and the final 
bluish green band was eluted with 5% CH 3 OH was identified as pure 
CutCRPc. Yield 17 mg (65%). 
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5 . 2.6 Synthesis of Vanadyl tetra crowned Phthalocyanine (VOtCRPc): 

H 2 tCRPc (40 mg) and vanadyl sulphate (100 mg) in 100 ml of 
dry DMF was refluxed for 7 days. Solvent was evaporated under 
reduced pressure gave the dark green powder. The crude product 
was washed with excess water to remove unreacted VOSO 4 and was 
purified by basic Alumina Column using CHCls-MeOH (95:5 V/V) gave 
the pure green powder of VOtCRPc. Yield: 13 mg (30%), 

5.2.7 Preparation of silver tetracrowned phthalocyanine (AgtCRPc): 

H 2 CRPC (20 mg), AgN 03 (20 mg) and sodium acetate (20 mg) in 
a mixture of 1 , 2-dichloroethane (15 ml) and acetic acid (20 ml) 
was refluxed for 2,5 hours. The reaction mixture was filtered 
and resulting solid was washed with excess water. The crude 
product was dissolved in chloroform and subjected to column 
chromatography over basic alumina. A light green band was 
eluted with 2% CH 3 OH was identified as unreacted H 2 tCRPc, The 
bluish green band eluted in CHCI 3 : MeOH (95:5 V/V) gave the pure 
AgtCRPc. Yield. 8 mg (40%). 

5 . 2 . B Methods : 

The details of instruments used in this chapter are 
described in chapter 2 . 

5.3 RESULTS AND DISCUSSION: 

2 + 2 "^ 

Synthesis of metal lophthalocyanines (M == VO i As ) 
functionalized at 3 j 4 “positions with four crown ether voids 
(Benzo- 15-Crown- 5) are shown in Scheme 5.1, and the products were 
characterized using electronic and ESR spectral methods. 
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5.3.1 Electronic Spectra: 


In chloroform solut-ion (~ 10 ^M) the metal tetra crowned 
phthalocyanine (MtCRPc; M = VO^'*’ and Ag^''') exhibit 
spectra typical of monomeric metallo phthalocyanines^^® with a 
single intense IT “ TT transition in the range 665-700 nm, 
associated with higher energy vibrational components, commonly 
refered to as the Q bands amd a second intense and broader 
TT - TT* transition at 300-360 nm called the Soret.^^® The metal 
free species (H 2 tCRPc) is similar but shows two closely spaced Q- 
bands because of its lower (D 2 h) symmetry. The absorption data 
of all the metal derivatives are listed in table 5.1. 

2 + 

The changes in the electronic spectra of MtCRPc (M = VO , 
Ag^^) in CHCI 3 solution containing 1 % CH 3 OH upon addition of 
increasing amounts of ions are shown in Fig. 5.1 and 5.2. 
Specifically the following changes were noted. (i) The Q-bands 
were shifted to blue (46 nm for and 37 nm for Ag^ ) with 
broadening and reduction in absorbance. (ii) The soret bands 
also experienced a small blue shift ( 8-10 nm) with reduction of 
absorbance . These results suggest the existence of an 
equilibrium involving two species. Based on earlier findings 
from this laboratory^ and literature ’ , it is concluded 
that the two species involved here are monomer and dimer of 
MtCRPc, In the absence of cation, under our experimental 
conditions, all MtCRPc exists as monomer and addition of cation 
strongly drives the equilibrium to the dimer side facilitating 
the close approach of two phthalocyanine rings to form a dimer 
through a TT -IT interaction. 





Table 5.1: C^ical data of monomers and dimers of tetracrowned 
phthalocyanines in CHCI 3 


Compound Q-bands Soret bands ^niax^n®) 



( £ X 

10"^) 


( Cx 10"^) 

AgtCRPc 

674 

642 


342 

287 


(12.82) 

(9.45) 


(12.32) 

(12.39 

[AgtCRPc32K4‘^ 

637 

- 


339 

284 

[ArbCRPc]2(NH4 

■^)4 636 

- 


343 

282 

[AgtCRPc] 2 (Cs'^ 

)4 637 

- 


343 

287 

VOtCRPc 

700 

632 


421 

346 

[VOtCRPc] 2 K 4 ‘^ 

654 

- 


- 

338 

H2tCRPc 

701 662 

644 

602 

416 

348 


(33.4) (27. 

4)(11.8) 

(6.2) 

(8.1) 

(30.8) 

[H2tCRPc]2K4^ 

640.5 - 

- 

- 

393.5 

335 

CutCKPc 

677 

646.5 

613 

408.5 

341 


(129.4) 


(31.2) 

(23.3) 

(57.4) 

[CutCRPc] 2 K 4 '^ 

635.5 - 

- 

- 

338.0 

333 

ZntCEPc 

677 

- 

611 

- 

355 


(96.7) 


(17.3) 


(61.2) 

CZntCRPc]2K4'^ 

640 

- 

- 

- 

349.5 
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The insert in fig. 5.2 gives a plot of intensity changes of 
the Q-bands of AgtCRPc due to monomeric and dimeric species upon 
addition of increasing amounts of K ions. The shape of the 
curve reveals that the process of formation of the dimer involves 
more than one step. Two types of dimers can be visualized upon 
addition of cation; a ’side-by-side" dimer of the type MtCRPc- 
cation-MtCRPc involving only one cation per dimer and a cofacial 
dimer which involves two or more cations per dimer. When ions 
are added to a solution of HtCRPc ( M = VO^^, the 

intensity decrease (monomer peak) and increase (dimer peak) is 
sharp at lower concentrations of ions probably indicating the 
formation of a side-by-side dimer with a very high formation 
constant. At higher concentrations of K^, a transformation of 
side-by-side dimer to a cofacial dimer occurs by encapsulating a 
second cation. Since two more sites are still available in the 
cofacial dimer for saturation, it is possible that the 
encapsulation continues at higher concentrations until the two 
phthalocyanine units bind four cations in the 
metal lophthal ocyanines . We believe that in this instance the 
cofacial dimer involves four cations per dimer. 

In order to see whether different cations have different 

effects on dimer formation, optical spectra of solutions 

—6 “”5 

containing same amount of MtCRPc (7.96 x 10 M) and 1.6 x 10 M 
of KCl, NH4(()H3C00)2. NaCl and CsCl were recorded. It was found 
that a complete dimerization was observed in the case of K and 
NH 4 '^ ions, while only ~70% dimerization was observed with Cs'*’ 
ions. In the case of Na ions no detectable dimerization was 
observed. Similar effects were observed for several crown ether 
linked porphyrins and phthalocyanines upon complexation with 

7fi 



alkali metal cations. ’ 4,159a Tj^is selectivity towards 

different cations varies with crown ether ring size and maximum 
effects were observed when the size of the crown ether cavity and 
ionic radii of the metal ions are comparable. Also, the nature 
of the complex (sandwich type or non sandwich type) depends on 
the crown ether cavity and cation size.^®^ It is known that K"^, 
NH 4 form stable sandwich type complex with Benzo-15“crown~5 
(cavity size 1.7-2 . 2 A^) while the stability of sandwich complex 
formed by Cs (ionic radii = 1.67A'^) with Benzo-15-crown-5 is much 
less compared to K'*’ and NH 4 ''^ ions (ionic sizes are 2.66 and 2.86 
A° respectively). Na'*’ ion (ionic size is 1.94 A^) forms non 
sandwich type complex. Thus, the observed effects in the 
electronic spectra of crowned phthalocyanines is inline with this 
data. 

5.3,1a Effect of Solvents- 

The intensity and position of the Q-bands of MtCRPc (M = 

2 + 2 + 153 

VO , Ag ) are highly dependent upon the solvent used. Fig. 

5.3 shows the effect of various solvents on the absorption 

spectrvun of AgtCRPc. It is observed from the fig. 5.3 that in 

CHCI 3 solution the absorption band at 674 nm and higher energy 

shoulder at 642 nm corresponds to the monomeric AgtCRPc. The 

intensity and position of these two bands are altered 

considerably when the solvent is changed; for example in polar 

solvents like ethanol and butane^l^ol, the monomeric band at 674 

nm loses considerable intensity and a new band at 630 nm gains 

intensity indicating the presence of dimeric and higher 

aggregates in solution- However in 100% methanol the band 

structure is completely lost and a featureless, broad absorption 
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in the Q-band region clearly indicates the formation of 

oligomeric AgtCRPc in solution. However the Soret bands are not 

found to be highly sensitive to the changes in the solvent. 

Addition of small concentration of methanol to a CHCI3 solution 

of AgtCRPc generates the dimeric species and the amount of 

dimeric species formed is found to be critically dependent on the 

concentration of the methanol used. Insert fig, 5.3 shows the 

effect of increasing methanol concentration of the dimeric 

species monitored at 633 nm (which is due to dimeric species). 

It is apparent from the plot that around 10% methanol 

concentration in chloroform solution, the maximum dimeric species 

is formed and any further increase in methanol concentration 

leads to the formation of higher aggregates. Thus at lower 

concentrations (less than 10 %) the change in the absorption 

spectrum exactly parallels with that observed upon addition of 

alkali cations; this observation clearly suggests that the 

dimerization can be induced even by the solvent, at least in 

AgtCRPc by addition of various concentrations of methanol (less 

than 10%) in CHCI 3 solution. This is also in consistence with 

153 

the observation of Lever , et al. for the crowned metallo- 
phthalocyanines . 

Assxmiing a cofacial geometry of the two phthalocyanine 

rings, the spectral shift (blue shift) upon dimer formation can 
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be explained using exciton theory. The transition between 

^Aig ^ gives rise to Q-band absorption in metallo- 

phthalocyanines . The coupling of doubly degenerate excited 
states of two monomers give rise to two excited states, that are 
^Eg and ^Eu. This is depicted in fig. 5.4. The nature of the 
coupling depends on the dimer geometry. In the case of cofacial 
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dimer, the higher energy degenerate state Eu (^Ajg > ^Eu) is 

allowed to give rise to higher energy absorption (blue shift), 

where as the low energy Eg (^A^g > ^Eg) state is ’Laporte’ 

forbidden. Thus the observed blue shifts upon dimerization is 
consistent with this. The exciton splitting parameter (V) 
estimated as twice the energy difference between the mononuclear 
Q-band and the dimeric Q-band peak energy are 1556 cm ^ for 

AgtCJRPc and 2009 cm~^ for VOtCRPc. This compares very well with 

those observed^^^ for NitCRPc (1760 cm ^), CotCRPc (1960 cm ^), 
CutCRPc (1910 cm"^) and ZntCRPc (1960 cm'^). 

5.3.2 Electrochemical Studies- 

The cyclic voltammetric experiments were conducted for 
H 2 tCRPc and MtCRPc (M = Cu^"^. Zn^^) in dichloromethane containing 
0.1 molar TRAP as the supporting electrolyte. The free base and 
metal derivatives exhibit two reduction waves with the anodic and 
cathodic peak separation -^(Ea-Ec) in the range of 60-120 mV. 
The anodic and cathodic peak current ratio (close to unity) 
indicates both the reduction steps involve one electron- 

transfer. The half wave potentials were calculated as the 

average of cathodic and anodic peak potentials and are listed in 
table 5.2. 

A comparison of the reduction potentials of H 2 tCRPc and 
MtCRPc ( M = Zn^"^, Cu^"^) with tetrasulf onatophthalocyanine 

(Na 4 H 2 PTS) and its metal derivatives ^®^(MPTS, M = Cu^ . Zn^ ) are 
also given in table 5.2. An examination of table 5.2 reveals 
that the reduction potentials of H 2 tCRPc and MtCRPc (M = Cu , 
Zn^'^) occur at more negative potential than that of the 
corresponding H 2 PTS and MPTS. It is well known that substitution 
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Tabic 5.2- Elecbrocheinical daba for crowned plibbalocyanlnes 


Compound 

Redox Potentials 

(V) ( '^Epa-Epc^ 



I 


II 

III 

H2tCRPc 

-0.944 

(64 mV) 

-1.40 (65 mV) 

- 

ZntCRPc 

-1.085 

(65 mV) 

-1.402 (120 mV) 

- 

CutCRPc 

-1.099 

(60 mV) 

-1.369 (120 mV) 

- 

Na4H2PTS^ 

-0.525 


-0.970 

-1.81 

Na4CuPTS^ 

-0.727 


-1.110 

-1.895 

Na4NiPTS^ 

-0.672 


-1.165 

-1.933 


a in DMSO 


of electron donating groups (-CH 3 , - OCH 3 , -OCHg- ) at periphery 
of the porphyrin/phthalocyanine makes the macrocycle more basic, 
and potentials occur at more negative (lower) compared with that 
of unsubstituted tetraphenyl porphyrin. Similarly on 

substitution of crown ether which is also an electron releasing 
group at the periphery of the phthalocyanine makes the 
phthalocyanine ring slightly more basic hence it is difficult to 
reduce th^se species relative to the unsubstituted 
phthalocyanines . 

5.3.3 ESR Spectra '• 

5.3.3a VOtCRPc 

The ESR spectrum of VOtCRPc in chloroform containing 2 % 

methanol at lOOK are typical of ions (Fig. 5.5a). The ESR 

parameters bf these crowned phthalocyanines do not show much 

variation upon crown ether substitution. Addition of cations to 

these crown phthalocyanines results in the encapsulation of four 

positive ions in the peripheral ether cavities. The ESR spectra 

of these compounds in solution do not show any marked changes, 

indicating that the unpaired electron in oxovanadiijm is 

2 + 

essentially localized in the bj (dxy) orbital of the VO 

The changes in the ESR spectra of vanadyl crown 

1 

phthalocyanine observed on addition of K is displayed in fig. 
5.5b. The spectrum observed is typical of triplet state with 
axial symmetry, the hyperfine splitting indicating the presence 
of two equivalent interacting VO nuclei . Interaction of two 

VO^'*' ions with spin 1/2 will give rise to singlet (S = 0) and 

triplet (S = 1) states, the separation of which depends on the 
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Magnetic Field (G) 

Fig. 5.5 ESR spectra of (a) VOtCRPc, (b) VOtCRPc + KOAc in 
CHCI 3 : CH 3 OH (98:2) at lOOK. 




magnitude of isotropic exchange interaction -JSi^S 2 while the 
separation of the levels within the triplet state is governed by 
the magnetic dipole-dipole interaction and anisotropic exchange 
terms. In the case of and ions the isotropic exchange 

is considered small and the dqminant contribution arises mainly 
from magnetic dipole-dipole interactions with negligible 
contribution from exchange terms with the asstimption that the 
dimer is axially symmetric and the Z axis of the system and the 
direction of the applied magnetic field are parallel and coincide 
with V-V vector. The spin Hamiltonian can be represented as 
follows. 

H = g|, + S 22 ) + gj,/3 tHx(Six + S2x) + 

Hy (Sly + S 2 y)] + A (Sig^lz ^22^22^ 

BC^ix^lx ^ly^ly ^2y^2y^ ®I> 

Hd =(^^/r^)Cgx^SixS2x + «y^SiyS2y - Zg^ ^812822] 5-2 

where Hj, is Hamiltonian for dipolar interaction. The zero-field 
splitting within the triplet state arises from the dipolar terms. 
With this brief background, the ESR spectra can be analyzed. The 
eight line pattern arising from both the parallel and 

perpendicular regions is now decomposed due to the zero field 

splitting into two sets of each containing fifteen lines 

corresponding to a total spin of 7 (I = 7/2 for VO ion). The 

sets of lines in the perpendicular region are separated by the 

zero-field parameter, ’D’, while the parallel sets are separated 
by ’2D’. Because of the similarity of g|j values, the 

lines from both the parts are superimposed. It is found that the 
parallel lines are equally spaced while those from the 

perpendicular part are distributed with more spacing 


PI 



field region rather than in the low field region. 

The appearance of a weak transition = + 2) arising 

from the triplet state (S = 1) in the half field region, g = 4, 

provides a strong support for the existence of dimers in 
solution. The ESR parameters evaluated from the spectrum are 
listed in table 5.3. 

Also, the hyperfine splitting Ajj and values of these 

dimers are roughly half of the hyperfine coupling values observed 

for the VO(tCRPc) alone. Further the g values found in the 

dimers are similar in magnitude to those of the vanadyl crowned 

phthalocyanines , indicating that the coordination environment of 
2 + 

the VO ions in the dimer is identical with that of the vanadyl 

phthalocyanine alone. The values of D observed in both parallel 

and perpendicular regions are used to calculate the inter atomic 

distance (V-V) in the dimers with use of the following 
166 

expression. 


R = C3/4 g" p 


2 -2 


D 


5.3 


For an axial dimer 


R = [0.65 


5.4 


The Revalues calculated are given in table 5.4. For comparison 
the ESR spectra of vanadyl tetra crowned porphyrin (VOtCP) and 
its dimer are shown in Fig. 5.6 which is known to form the dimer. 
The 'R^ value calculated for VOtCRPc dimer using zero-field 
splitting parameter (D), both in parallel and perpendicular 
region of the spectrum indicated the two VO ions are separated 


RP 



Comparison with VO crownod porphyrin 



Magnetic Field (G) 


Fig. 5.6 ESR spectra of (a) VOTCP, (b) VOTCP + KOAC in CHCI 3 : 


CH 3 OH (90:2) at lOOK. 





Table 5.3: KSR parameters of metallotetraoromied phthalooyanines 


Compound 

*11 


(cm ^ ) 

lO^A^” 

(cm 

(G) 

I>1 

(G) 

AgtCRPc 

2.147 

2.042 

- 

- 



AgtCRPc + KCl 

2.144 

2.052 

- 

- 

240 

250 

VOtCRPc 

1.967 

1.988 

159.5 

56.9 

- 

- 

VOtCRPc + KCl 

1.964 

1.984 

73.7 

40 

230 

230 

®VOTCP 

1.964 

1.985 

154.7 

52.96 

- 

- 

®VOTCP KCl 

1.967 

1.987 

77.15 

25.98 

268. 

5 261 


a data -taken from ref. (154b) 


Table 5.4: Metal-Metal Distances, R(M-M) , in the Dimers of 
Different metal complexes^ 


System 

R(M-M) 

b 

s 


Ref 




deg 



Vanadyl 

(++) -tartrate (50% water- 
glycol, 77K) 

4.08 

(4.08) 

28 

(28) 
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170 

Vanadyl 

(±) -tartrate ( 50% water- 
glycol, 77K) 

4.18 

(4.35) 

0-10 

(3) 


c 

171 

Vanadyl- 

-tetraki s ( aminomethyl ) - 
methane complex 

4.8 

50±5 


172 

Vanadyl 

deuteroporphyrin IX 
dimethyl ester 

3.4 



173 

Vanadyl 

deuteroporphyrin IX 
dibutyl ester 

3.5 



173 

Vanadyl 

protoporphyrin IX 
dimethyl ester 

3.5 



173 

Vanadyl 

tetrasulfonatophthalo- 

cyanine 

4 . 5±0 . 1 



168 

Vanadyl 

octaethylporphyrin cation 
radical dimer 

4.7 



174 

Vanadyl 

crown porphyrins 

4.7 



154b 

Vanadyl 

tetracrowned phthalo- 
cyanine dimer 

4.9 


This 

work 

Silver tetra crowned phthalo- 
cyanine dimer 

4.8 


This 

work 


(a) The values in the parenthesis correspond to crystallo- 
graphic data. 


(b) Angle of deviation from axial symmetry. 



by 4.9 A°. 

5.3.3b AfftCRPc 

The ESR spectrum of AgtCRPc in chloroform containing 1% 
methanol at -170°C is typical of Ag^"^ ions (Fig. 5.7) containing 
hyperfine structure at high field region due to the hyperfine 
interaction with four nitrogens. The g and hyperfine values were 
calculated following the literature methods. The g values are 

listed in table 5.3 (g^ = 2.147, gj^ = 2.042 and Aj,^ = 27 G is 

2-f 

typical of monomeric Ag , I = 3/2). On addition of KCl to the 

chloroform solution containing 1 % methanol of AgtCRPc gives an 

additional lines in ESR spectrum, apart from ESR signal 

corresponds to monomeric species. These additional lines were 

due to the triplet state arised from the two interacting 

2 + 

paramagnetic centers (Ag ). The zero-field splitting parameter 

(D) at parallel and perpendicular region were estimated. The 

’D', and g values of monomer and dimer are listed in the table 

5.2. The g values were not effected upon dimer formation 

indicates that there was no change in symmetry and co-ordination 

environment around the Ag , upon going from monomer to dimer. 

2 + 

The internuclear distance between two Ag were calculated at 
parallel and perpendicular region using the expression 

(equation 5.4) gives 4.8 A^. 

The R (V-V) and R (Ag-Ag) values obtained in the present 
study were compared with those of reported systems of axially 
symmetric dimers are given in table 5.4. The distances of 
different dimers range from 3.4 to 4.8 A . Specifically the 

V-V distances calculated in the present study compared very well 
with those observed for VOTCP dimer^ and vanadyl tetra 




Fis, 5.7 ESR spectra of (a) AgtORPc, (b) AgtOEPc t K in 
CHCla". CH3OH (99:1) at 170K. 
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sulfonatophthalocyanine dimer probably indicating similar 
solution structures m these species. The Ag-kg distance 
estimated in the present study [ 4.8 A °3 compares very well with 
the only reported to the (best of our knowledge) Ag-Ag distance 
of 5 A® for Silver mesoporphyrin dimethyl ester (AgMPD) dimer. 

6.4 CX)NCLDSIONS 

The solvent and cations have an influence on the aggregation 

behaviour of metal locrowned phthalocyanines (M = Ag^^). 

The extent of aggregation of Silver tetracrowned phthalocyanine 

increases if the solvent polarity increases; the order of 

aggregation in different solvents follow as: CHCI 3 < pyridine < 

CH 2 CI 2 < 1 -butanol < Ethanol < methanol. A similar behaviour was 

observed for the Cu and free base crowned 

X S T 1. 5 8 

phthalocyanines ’ . The blue shift observed (~ 30 - 56 nm) 

in the absorption spectra of MtCRPc (M = Ag^*) on addition 

of cations K^, NH 4 and Cs^, indicated the formation of dimeric 

species in solution. The driving force for the formation of 

dimer is the appended crown ethers will form the sandwich type of 

complexes with the cations and brings two phthalocyanine in close 

proximity promoting interaction between two TT - systems. Also, 

the ESR studies shows that the formation of triplet ground state 

(S = 1) arising from an interaction between two paramagnetic 

centers ( S = 1/2) in dimeric unit. The intemuclear distance 

’R’ calculated from zero field splitting parameter (D) is ~ 4.8 

A^. Based on the spectroscopic data the possible geometry of the 

dimer (shown in the fig, 5*8) is cofacial (eclipsed). The 

similar solution structures proposed for Cu and H 2 CRPC on dimer 
153 


formation. 




Fi^. 5.8 Proposed Cofacial Dimer Structure. 



CHAPTER 6 


NONPLANAR PORPHYRINS; SYNTHESIS, CHARACTERIZATION, GROUND AND 

EXCITED STATE PROPERTIES 

6.1 INTIK)DDCTION. 

In the previous chapters the studies were confined to (a) 

the interaction of planar metal loporphyr ins with electron 

acceptor/donor and (b) the interaction between two planar 

phthalocyanine units oriented in a face to face geometry. It is 

also well known in literature that the chemical and photochemical 

properties of porphyrins and metal loporphyrins can be influenced 

significantly by altering the planarity of the porphyrin core. 

1 T 5 “ 1 7 8 

Recently, in some cases, the biological function of the 

porphyrin ring has been related to the ndnplanar conformation. 

The spectroscopic studies on some nonplanar porphyrins and 

metal loporphyrins in the ground and excited states are described. 

A brief review of biological importance of nonplanar 

porphyrins and related tetrapyrroles is given here. An excellent 

A R 

review by W.R. Scheldt and Y.J. Lee has highlighted the 
importance of stereochemistry and their relationship to the 
function of heme proteins. It has been shown that the observed 
strong antif erromagnetic coupling between metal center and 
radical center of an Iron porphyrin has been attributed to the 
distorted conformation of the porphyrin ring. Stolsenberg 

and co-workers in a recent series of papers have attributed the 
enhanced stability and unusual redox properties of oxidized 
products of metallochlorins and bacteriochlorins to the distorted 



Domed porphyrin 


conformations of the tetrapyrrole rings^^ 

macrowcles have been observed in the X-ray structure of heme 

proteins and nonplanar macrocycles are found in crystal 

structure of bacterial photosynthetic reaction center. 

Functional significance has been attached to the nonplanar 

tetrapyrrole conformations in the case of vitamin B12 and B12 

dependent enzymes and methyl reductase^ Methyl reductase 

contains cofactor F430 which is nothing but Ni(II) corphin 

derivative having all the four pyrrole rings and two of the four 

bridging meso carbon atoms reduced. In the cases of both 

cofactor F430 and B12. it is thought that the degree of planarity 

of the macrocycle can modulate axial ligation at the metal. The 

protein environment also exerts influence over the planarity of 

the macrocycle and in this way modulates ligand affinity and 

178 

other properties. In the case of ligand affinity, evidence 

for this mechanism has been found recently in studies of 

nickel reconstituted hemoglobin and myoglobin. Very 

recently Shelnutt and co-workers have related the Raman 

frequencies observed for some planar and nonpl^mar Ni(II) 

175 

porphyrins to their structural parameters. Thus, recent 

research has focussed on the synthesis and characterization of 
nonplanar porphyrin systems to understand the structure- function 
relationship. 

One of the ways of introducing distortion in the porphyrin 

169 

skeleton is by steric crowding at porphyrin periphery. This 

strategy has led to the synthesis and characterization of 

190 191 

several unusual porphyrins such as crowned, picketfence , 


strapped 
However , 


192 


capped 


193 


and basket handle porphyrins . 


194 


inspite of these efforts, significant structural 



deformation in the porphyrin skeleton is observed only in 

"pyrrole strapped" porphyrins synthesized by Dolphin and co- 
62 

workers and "short chain basket handle porphyrins" synthesised 

63 

by Walker and Co-workers . In both the cases the presence of a 
"short bridging chain" was responsible for the observed 
distortion. In view of this we have taken up a systematic 
investigation on deformed porphyrin systems with the aim of 
relating the unusual spectroscopic and redox properties of these 
systems to the subtle structural changes. This chapter describes 
the synthesis, characterization and photo physical properties of 
basket handle porphyrins (Fig. 6.1) containing short para or meta 
phenylenedimethylenedioxy chain covalently linked at the ortho 
position of phenyl groups of 5,10,15,20 tetraphenyl porphyrin 
(H 2 TPP). Isomerl of para derivative (PSI) and Isomerll and 
Isomerlll (MSII and MS III) of meta derivative has been 
characterized by various spectroscopic methods. Electronic and 
NMR spectral studies indicate significant distortion of the 
porphyrin skeleton in these derivatives. Protonation of free 
base derivatives results in a small blue shift of Q-bands and 
this has been attributed to the lack of conjugation between 
phenyl group and porphyrin plane because of restricted rotation 
of porphyrin -phenyl bond. The bridging phenylenedimethylenedioxy 
groups does not interfere with the axial ligation of metal 
derivatives (Co^^ end Zn^^) of MSII & MSI II. Electrochemical 
studies indicate easier oxidations and harder reductions for free 
base derivatives relative to the corresponding unstrapped 
derivative. The easier oxidations are attributed to the loss of 
co-planarity due to "the distortion and the harder reductions are 
attributed to destabilization of anions and dianions due to the 








derivative 


lack of solvation. The redox potential data for Co^^ 
of MSI I indicate that the metal centered molecular orbital 
Al(<iz2) is situated above filled A2u orbital of the porphyrin 
ring. 

The excited state properties of these compounds and their 

2 + 

Zn derivatives are determined by fluorescence and photoexcited 
triplet ESR methods. Fluorescence spectral studies indicate that 
the basket handle porphyrins are less fluorescent than the parent 
H 2 TPP . This difference is ascribed to the enhanced rate of 
intersystem crossing (ISC) from Sj^ T^ and increased natural 

radiative life times ( T® ). The rate of radiative fluorescent 
decay roughly follows the molar extinction coefficient of the 
lowest energy Q-band. The estimated excited state potentials 
suggest that the cross trans-linked isomer (PSI) is a better 
electron donor in the first singlet excited state. Zero field 
splitting parameters D and E of these isomers evaluated from 
photoexcited triplet ESR show small but significant differences 
and this has been attributed to the distortion of the porphyrin 
plane caused by introduction of short bridging groups. The 
electron spin polarization (ESP) pattern remains same as in H 2 TPP 
indicating the usual spin-orbit coupling mechanism for Inter- 
system crossing. 

6.2 EXFERIMEMTAL 

The synthesis of o<. , -dibromo meta and para- xylenes 
have been described in chapter 2. 

The spectroscopic methods employed are described in chapter 


2 . 



6 .2.1 Byniiliosi s of 2,2* ( m-pliejciy' Icnediine'thy lenedioxy ) dibonzal •“ 
dehyde ( 1 ) 

“Di“xylene dibromide (15 g, 56.8 mmol) and anhydi^ous 

K 2 CO 3 (23.5 g, 170.5 mmol) were added to 100 ml of dry DMF and 

the mixture was stirred for 5 min. Salicylaldehyde (13.8 g, 

113.6 mmol) was added to the reaction mixture and stirring was 

continued for 4 hours at room temperature. The reaction mixture 

3 

was poured into water (200 cm ) and extracted with chloroform 
3 

(3 X 100 cm ). The organic layer was washed with NaHCOa (3 x 100 
3 3 

cm ) and water (3 x 100 cm ), dried over Na 2 S 04 . Addition of 

3 

diethyl ether (25 cm ) to a concentrated organic layer afforded 
( 1 ) as white crystalline solid (15.7 g, 80%), m.p, 115-117^0. 

NMR (CDCI 3 ); 5.17 ppm (s, O-CH 2 ). 7.33 ppm (m, m-xylyl); 6.93 
and 7.73 ppm (m, phenyl), 10.37 ppm (s, -CHO) 

6.2.2 Synthesis of 2,2*-(p-phenylenedijiethylenedioxy)dibenBal- 
dehyde ( 2 ) 

I 

,o^-p-xylene dibromide (15 g, 56.8 mmol), anhydrous K 2 CO 3 
(23.5 g, 170.5 mmol) and salicylaldehyde (13.8 g, 113.6 mmol) 
were added to 100 ml of dry DMF. The reaction mixture was 
stirred for 5 hours at room temperature. Work up of the reaction 
mixture as above gave (2) as a white crystalline solid (14.7 g, 
75%) m.p. 180-182®C. 

NMR (CDCI 3 ): 5.03 ppm (s, -CH 2 ), 7.42 ppm (s, p-xylyl), 7.0 

and 7.72 ppm (m, phenyl), 10.47 ppm (s, -CHO). 

6.2.3 Preparation of MS strapped porphyrin 

Dibenzaldehyde (1) (12.5 g, 36.27 mmol) and pyrrole (4.86 g, 
72.54 mmol) were dissolved in freshly distilled propionic acid 



3 

(1000 cm ). The reaction mixture was refluxed for an hour and 
left at room temperature for 12 hours. The solvent was 
evaporated under reduced pressure after filtration. The crude 
product was purified and separated by column chromatography over 
silica gel (60-120 mesh) using benzene and benzene- diethyl ether 
(9:1 v/v) as the eluents. A pink fraction which was eluted with 
only benzene was identified as MSIII. This was rechromatographed 
again using silica gel (60-120 mesh) eind the pure fraction was 
eluted with benzene (0.5 g, 2%) (FAB Mass; M'*' = 883). Another 
red fraction eluted with benzene- diethyl ether (9:1 v/v) was 
identified as MSII. This was rechromatographed again using 
silica gel (60-120 mesh) and the pure fraction eluted with 
benzene-diethyl ether (9:1 v/v) gave crystalline solid (0.75 g, 
2.4%) (FAB Mass; M"^ = 883). 

6.2.4 Preparation of PS strapped porphyrin 

Dibenzaldehyde iZ) (3 g, 8.7 mmol) and pyrrole (1.18 g, 
17.56 mmol) were reacted in 500 ml of boiling propionic acid. The 
crude product was obtained as above was purified by repeated 
column chromatography using silica gel (60-120 mesh). A violet 
band eluted with benzene was identified as PSI. This was 
rechromatographed again using silica gel (60-120 mesh) and the 
pure fraction eluted with benzene gave crystalline solid (0.23 
g, 3%) (FAB Mass; M'*’ = 883). The other red fraction which was 
eluted with benzene diethyl ether (19:1 v/v) was identified as 
mixture of two isomers (PSII and PSIII) (0.15 g, 2%). A clear 
separation of these two isomers has not yet been achieved. It 
was surprising that the yield of cross trans linked isomer PSI 
was considerably more compared to other isomers (PSII and PSIII). 



6.2.5 Prepara-tion of CoMB III 

MSI 1 1 (46 mg) was added to a mixture of DMF (10 ml), CH 2 CI 2 

(10 ml) and pyridine (1 ml) and heated for 15 min. Cobalt (II) 

acetate (26 mg, dissolved in 5 ml of DMF) was added to this 

mixture. The reaction mixture was refluxed for 6 hours. 
Evaporation of the solvent under reduced pressure followed by a 
water wash gave crude product. This was purified over silica gel 
(60-120 mesh) using benzene gave the single orange band as 
CoMSIII (25 mg, 54%). A minor second fraction which was eluted 
with CHCI 3 was identified as pyridine coordinated Co^^^ 

porphyrin . 

6.2.6 Preparation of Cd^II 

MSII (30 mg) was dissolved in 75 ml of CHCls. Cobalt (II) 
acetate (60 mg) dissolved in 25 ml of methanol was added to the 
boiling CHCI 3 solution. The reaction mixture was refluxed for 90 
min. and evaporation of solvent under reduced pressure followed 
by water wash afforded crude CoMSII. Pure CoMSII was obtained 
after recrystallization from 1:1 CHCI 3 : methanol (25 mg, 80%). 

6.2.7 Preparation of ZnMSIII 

MSI 1 1 (30 mg) and Zn(II) acetate (30 mg) in a mixture of 
DMF (10 ml) and CH 2 CI 2 (10 ml) was refluxed for 8 hours: 
Evaporation of the solvent under reduced pressure followed by 
water wash gave the ZnMSIII (25 mg, 80%). The poor solubility of 
the product did not allow NMR and cyclic voltammetric studies. 

6.2.8 Preparation of ZnMSII 

MSII (50 mg) was dissolved in 100 ml of CHCI 3 . Zn(II) 
acetate (100 mg) dissolved in 25 ml of methanol was added to the 


boiling CHCI 3 solution. The reaction mixture was refluxed for 
30 min. and the evaporation of the solvent under reduced 
pressure followed by water wash gave the crude ZnMSII. Pure 
ZnMSII was obtained after recrystallization from 1:1 CHCI 3 
methanol (30 mg, 60%), 

In this chapter results and discussion are divided into two 
parts; Part ’A’ describes the synthesis and ground state 
properties of short chain basket handle porphyrins and Part ’B’ 
describes the excited state properties of short chain basket 
handle porphyrins. 

6.3 PART A: SYNTHESIS AND GROUND STATE PROPERTIES OF SHORT CHAIN 
BASKET HANDLE PORPHYRINS 

6.3.1 RESULTS 

The short chain basket handle porphyrins were synthesised 

194 

following the method of Moment eau by condensation of 
appropriate dialdehydes with pyrrole in propionic acid medivun. 
The crude porphyrins which were obtained as mixture of isomers 
were separated by repeated column chromatogrphy . Only one isomer 
(PSI) was separated in pure form when the ’R’ group used was para 
phenyl enedimethylenedioxy derivative. The other two expected 
isomers (PSII and PSIII) came always as a mixture and their clear 
separation has not yet been achieved. Two isomers were separated 
in pure form (MSII and MSIII), when the ’R’ group was meta 
phenyl enedimethylenedioxy derivative. The other expected isomer 
(MSI) was not formed probably due to reduced chain length of the 
R group relative to para phenyl enedimethylenedioxy derivative- 



(a) NMR S1;udles 

The H NMR spectra of the free base basket handle porphyrins 
are highly characteristic and the integrated intensities of the 
P^roton resonances are in conformity with the proposed structure 
(Fig. 6.2). An inspection of the NMR data listed in table 6.1 
indicate that for PS I isomer, all the eight pyrrole protons 
resonate as a sharp singlet; the eight protons of methylene 
chain are equivalent appearing as a singlet and experience an 
upfield shift (0.93 ppm) relative to the corresponding protons in 
free dialdehyde; the eight aromatic protons of two strapped 
phenyl rings are equivalent and appear as a singlet and compared 
to the corresponding protons in free dialdehyde are shielded 
(3.53 ppm) by porphyrin anisotropy. The NH protons are highly 
deshielded (2.32 ppm) relative to tetra (o-methoxy phenyl) 
porphyrin (TMPP) . The isomers MSII and MSIII show two 
resonances for pyrrole protons as expected considering the 
symmetry of the isomers. Also, the methylene chain protons 
appear as an ’AB’ quartet with negligible shielding relative to 
the free dialdehyde, the phenyl protons of the strapping group 
are split and experience a small shielding (“0.45 ppm) relative 
to free dialdehyde. The NH protons also experience a small 
shielding in these two isomers in contrast to PSI isomer. 

Momenteau et al.^^^ have pointed that the chemical shifts of 
the 6H proton of mesophenyl ring and the NH-protons are dependent 
on the chain length of the bridging group and the magnitude of 
deshielding of these protons indicate the tension imposed on the 
porphyrin ring by the bridging group. Fig. 6.3 shows a plot of 
the magnitude of deshielding of 6H and NH protons of various 
cross trans linked isomers including PSI versus the number of 



TO 9 8 7 6 5 4 -0.6 

CHEMICAL SHIFT (PPM) 

Fig. 6.2 NMR spectra of (a) PSI ; (b) MSII; and (c) MSIII, in 

CDCl^ (concentration of the porphyrins used is “ICT^M). 

The asterisk corresponds to the CDCI 3 signal. 




Deshlelding of *6H’ Proton (PPM) 


4.0 



Fig. 6.3 Plot of deshielding of 6H and NH protons and shielding 
of strap phenyl protons versus chain length (see text 
for details) of various cross trans linked basket 
handle porphyrins. 
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s,d,^tin corresponds to singlet, doublet, triplet and multiplet respectively. 
The numbers in the parenthesis corresponds to the number of protons. 



carbons in the bridging chain. Also the magnitude of shielding 

of strapped phenyl protons for PSI Isomer and the corresponding 

isomers of basket handle porphyrins synthesised by Momenteau et 
194 

al. (“C4.C0H4.C4-) 2, (C3.C0H4.C3) 2 isomers and Simonis et 

63 

al. (hexyl I and pentyl I isomers) are included in Fig. 6.3. 
(b) Visible Absorption Studies 

The absorption spectral characteristics of the free bases 

along with the corresponding dications generated by addition of a 

drop of trifluroacetic acid (TFA) in a benzene solution are shown 

in Fig. 6.4. The absorption spectral data are tabulated in table 

6.2. A comparison of this with the unstrapped H 2 TPP reveal some 

interesting features j (a) A considerable red shift of the soret 

band and Q-bands; (b) a drastic reduction in the intensity of 

both Soret and Q-bands; the magnitude of red shift and intensity 

decrease depends on the nature of the isomers and maximum effects 

are observed for PSI isomer, (c) Upon protonation, the Q-bands 

experience a blue shift in contrast to the large red shift 

observed for protonation of H 2 TPP. However, the effects 

observed parallels to those found for ortho substituted 

198 

tetraphenyl porphyrins . 

The electronic absorption spectra of the basket handle 

194 

porphyrins synthesised by Momenteau et al. showed very little 

differences among the different isomers due to the lack of 

distortion in the porphyrin skeleton because of longer chain of 

63 

bridging group. However, Simonis et al. synthesised a series 
of basket handle porphyrins containing shorter chains and -they 
found significant changes relative to corresponding unstrapped 
derivative in the absorption spectra of the different isomers. A 



0-7 


1 


Fig. 6 



Wavelength ( nm ) 


4 Electronic absorption spectra of (a) MSII, (b) MSIII, 
and (c) PSI in benzene and their corresponding 

dications. Concentration for Q-bands 10 M and for 
the Soret band (Solid line corresponds to 

neutral form and dotted lines corresponds to 

d.T cations) . 









Table 6.2: Elec-bronic spectral data of short chain Basket hemdle porphyrins and their 
dications in Benzene. 
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generated by addition of dilute solution of TFA in benzene. 



comparison of magnitude of red shifts and the intensity decrease 
for the different isomers of the present study with those 
synthesised by Simonis et al.®^ allowed us to distinguish isomer 
I from isomers II and III. Table 6.3 lists the magnitude of red 
shifts of Soret and Q~bands of various isomers relative to their 
unstrapped derivatives . 

Metallation of MSII and MSIII by standard literature 

methods^^^ afforded the metal derivatives (Co^'*’ and Zn'*’^). 

Metallation of PSI was not achieved even under harsh conditions. 

It is apparent that the short chain strapping group causes steric 

hindrance to the metal, preventing the metallation of this 

isomer. The optical absorption data of metallo derivatives are 

collected in Table 6.4. Axial coordination of pyridine to the 

metal induces the expected red shift of Soret, and ^ - bands 

with a change in the and ^ -band intensity . The magnitude 

of shifts are comparable to those observed for pyridine binding 

of ZnTPP, The axial ligation of CoMSII and CoMSIII results in 

hexacordinate Co porphyrin with two axial pyridine ligands 

2+ 3+ 

consistent with the oxidation of Co to Co in presence of 
pyridine, 

(c) Cyclic Voltammetric Studies 

Representative cyclic volteunmograms of free base PSI and 
MSII and metal derivatives (ZnMSII and CoMSII) are shown in Fig. 
6.6. The free base and ZnMSII derivatives exhibit two oxidation 
waves and two reduction waves (with exception of free base MSIII 
which shows only one oxidation wave) with peak separation "^Ec-Ea 
in the range (50-80 mV), An analysis of the ratio of peak 
currents suggests one electron process for these waves. CoMSII 



CURRENT 



2.0V OV -2.0V 


VOLTS Vs Ag/AgCl 

Fig, 6,5 Cyclic volt2unmograin3 of (a) PSI (1,47x10 ^M); (b) MSII 
(l,7xlO'*^M), (c) ZnMSII (5,2xlO*^M) and (d) CoMSII 

(5,56xlO~^M) in CH 2 CI 2 containing 0,1 M TBAP at room 
temperaturo. The scan rate is 100 luV/sec* 




Table 6.3: 

Comparison of red 
different isomers. 

shifts 

(nm) of Soret 

and Q-bands of 

Porphyrin 

Soret 



Q-bands 



B(0,0) 

Qy ( 1 » 0 ) 

Qy(0, 

0) Qx(l.O) Qx(0,0) 

Ref. 

*hexyl I 

10 

12 

20 

14 

10 

63 

pentyl I 

20 

22 

30 

22 

20 

63 

PSI 

14 

15 

20 

16 

16 

this work 

hexyl II 

2 

2 

2 

4 

-2 

63 

pentyl I I 

5 

4 

2 

6 

2 

63 

butyl II 

8 

6 

10 

16 

14 

63 

MSI I 

14 

12 

20 

13 

9 

this work 

hexyl III 

4 

2 

4 

4 

-2 

63 

pentyl III 

6 

6 

6 

6 

0 

63 

butyl III 

8 

6 

10 

16 

14 

63 

MSI 1 1 

10 

6 

6 

14 

13 

this work 


labeling of original publication has been retained. 


inn 



Table 6.4; Electronic spectral data of metal derivatives of short 
chain Basket handle porphyrins in CHCI 3 . 


Porphyrin 

Soret 

oc 

|B 



^ xlO ) 

^max“»tExl0 ^) 

ZnMS II 

427(25.0) 

555(11.6) 

596(2.4) 

ZnMS II 
+Pyridine 

439 

572 

615 

ZnMS III 

430(19.0) 

559(7.8) 

597(2.97) 

ZnMS III 
+Pyridine 

437 

570 

612 

ZnTPP 

419 

548 

589 

ZnTPP 

+Pyridine 

430 

562 

602 

CoMS II 

417(14.1) 

532.5 

- 

CoMS II 
+Pyridine 

437 

549.5 

585 

CoMS III 

418(8.1) 

■ 534(5.05) 

- 

CoMS III 
+Pyridine 

438 

550 

— 

CoTPP 

( p-methoxy ) 

414 

529 


CoTPP 

(p-methoxy) 

+Pyridine 

440 

553 

593 


shows three one electron reversible electro oxidations and two 

one electron reductions ( ^c-Ea = 90 and 101 mV). The first 

oxidation and reduction process originate from the metal center 
corresponding to the formation of Co"^^ and Co^'*' porphyrin 
derivatives respectively. ^ The second and third oxidation steps 
arc assigned ’to the fonnatioii of Co porphyrin cation radical 

and dication respectively and the potentials for these species 

compare well with the similar reactions observed for 
corresponding CoTPP in CH 2 Cl 2 .^^^ 

6.3.2 DI&CDSSION 
(a) HMR 

The identification of the three isomers shown in Fig. 6.1 

was done by (i) using the ssnnmetry concept proposed by Momenteau 
194 

et al. and (ii) comparing the NMR characteristics of the 

compounds synthesized in the present study with those of hexyl II 

63 

isomer of Simonis et al. whose X-ray structure is known. The 

cross trans linked isomer is expected to show a relatively simple 
NMR spectrum because of the symmetry (I>2d) which all the eight 
pyrrole protons, methylene chain protons and strapped phenyl ring 
protons resonate as three separate singlets indicating a highly 
Sjnnmetrical environment in this isomer. Also, since the 
methylene chain protons and strapped phenyl protons span the 
porphyrin ring current above and below the plane, they experience 
considerable upfield shift relative to the same protons in the 
free dialdehyde. The NMR data assigned for PSI are consistent 
with these observations indicating that PSI is a cross trans 


linked isomer. 



The isoners HSII and MSIII show two pyrrole resonances and 
the maenitude of separation between these resonances has been 
used to distinguish between these two isomers. An analysis of 
the peak separation for isomer II (adjacent trans linked) and 
isomer III (adjacent cis linked) for the hexyl, pentyl and butyl 
bridged porphyrins of Simonis et indicates that between 
these two isomers, always the adjacent trans linked isomer shows 
a larger pyrrole peak separation relative to adjacent cis isomer 
in a given series. The following data supports this observation. 


hexyl II 
pentyl I I 
butyl II 
MSI I 


0 . 22 ppm 
0 . 38 ppm 
0 . 84 ppm 
0 . 30 ppm 


hexyl III 
pentyl III 
butyl III 
MSIII 


0.09 ppm 
0.02 ppm 
0.44 ppm 
0.13 ppm 


The X-ray structure of hexyl II isomer indicates that it has the 

adjacent trans structure. Interestingly, the basket handle 

194 

porphyrins of Momenteau et al. also show a similar trend. All 

these experimental data suggest that the compounds MSI I and 
MSIII have adjacent trans and adjacent cis structure 
respectively. 

The ortho protons (6H) of the phenyl ring experience a 
significant downfield shift (0.86 ppm) relative to TMPP in PSI 
suggesting a considerable strain on the porphyrin ring. It is 
obvious from the plot in Fig. 6.3 that this strain depends on the 
chain length and the strain increases with decrease in chain 
length. The NH protons also show a similar trend. The 
deshielding of NH protons suggests a large perturbation of the 
ring current at the central nitrogen atoms. However, the 
chemical shift of the pyrrole protons in these isomers is not 



altered much, suggesting a very little disruption in peripheral 
ring current. The phenyl, pyrrole and NH resonances shifts 
observed for PSI are comparable in magnitude to the pentyll 
isomer of Simonis et al.®^ indicating a considerable static 
distortion of the porphyrin plane in this isomer. 

The upfield shift of strap phenyl protons increases 
linearly with the decrease in chain length of the strapping group 
(Fig. 6.3). No detailed analysis of these shifts has yet been 
made to relate this to the conformation of the strap phenyl 
ring with respect to porphyrin plane. However, ^ detailed 
analysis of NMR and NMR shifts in Fe(II) basket handle 
porphyrin and quinone capped porphyrins have 
indicated that the capping group is essentially perpendicular to 
the porphyrin plane in both these compounds and free rotation of 
the capping group is possible. Qualitatively the ring current 
shifts of the strapping phenyl group and the direction of the NH 
proton shifts observed for PSI are comparable with these studies 
probably suggesting that the phenyl group is perpendicular to 
porphyrin plane. However we believe that because of the extreme 
shortness of the chain in PSI the chain is not flexible thus 
restricting the free rotation of the strapping phenyl group in 
PSI. 

(h) Electronic absorption spectra 

A theoretical account of the Soret and the Q-bands in the 
visible absorption spectrum of a porphyrin molecule, to a first 
approximation, are assigned to the transition between AiuCfT ) 

> EgCTT*) and A2 u ) > Eg( TT*) molecular orbitals 

respectively. In the free base porphyrins due to the symmetry 



and the vibronic mixing, the Q-bands are further split in to 
Qx(O.O), Qy (0,0), Qx (1,0) and Qy (1,0). Thus, any change in 
the energy of these absorption maxima in free base basket handle 
porphyrins relative to the corresponding unstrapped derivative 
indicate changes in the energies of Ai^, A2u and Eg orbitals 
which are involved in the transition. In PSI both the Soret band 
and Q-bands are affected significantly. Also, the magnitude of 
shifts of both soret band and Q-bands are comparable. This 


indicates 

that 

the energy of Eg( IT*) orbital of 

the 

porphyrin 

macrocycle 

is 

affected most in this isomer 

due 

to the 


introduction of the strap. The direction of the shift indicates 

a slight lowering of the energy of Eg( TI*) orbital thus 

decreasing the energies of transition. Between isomers MSII 

and MSI II, the magnitude of shifts are comparable to those 

observed for the corresponding isomers of pentyl and butyl 

63 

bridged derivatives of Simonis et al. suggesting a slight 

distortion of the porphyrin plane in these isomers. This is 

attributed to the decreased chain length of the strap in meta 

isomers MSII and MSI II relative to para isomer PSI. This is also 

supported by the fact that Qy (0,0) band in these isomers are 

infact split further by about 6 nm (Fig, 6.4). The splitting of 

the Qy (0,0) band was also observed for the butyl bridged isomers 

6 3 

II and III of Simonis et al. 

The intensity of the Q-bands are determined by the degree of 
degeneracy of the highest occupied molecular orbitals A2u 
Aiu. When these are exactly degenerate, the Q (0,0) band should 
have zero intensity and as the degeneracy is lifted the Q(0,0) 
bands gains intensity. free tee® H 2 TPP, A2u orbital 

is higher in energy. The fact that the intensity of the Q-bands 



of PSI ,re reduced by ..ore than 60* relative to the unstrapped 
tetraphenyl porphyrin (table 6.2) suggests a smaller energy gap 
between Azu and Ai^ orbitals. Thus, among the short chain 
strapped porphyrins (less than 6-carbons) it appears that the 
cross trans linked isomer is expected to show larger red shifts 
for both Soret and Q-bands with a significant decrease in 
intensity compared to other two isomers. 

Protonation of unsuhstituted or para substituted free base 
tetraaryl porphyrins generally results in a large red shift of Q- 
bands while the free base tetra alkyl porphyrins show a blue 
shift of Q“bands . This difference in behaviour is attributed to 
the increased resonance interaction between the aryl group and 
porphyrin ring in tetra aryl porphyrins due to the co-planarity 

of phenyl ring and porphyrin plane. X-ray structure of dication 

209 

of H 2 TPP supports this observation. However, in the basket 

handle porphyrins synthesised in the present study restricted 

rotation around the porphyrin -phenyl bond because of substitution 

of strapping group at ortho position of phenyl ring may forbid 

any extension of conjugation between the phenyl groups and the 

porphyrin ring preventing resonance interaction. A similar 

effect was observed for the ortho substituted tetraphenyl 

198 

porphyrins upon protonation. 

The metal derivatives of MSII and MSIII (Zn^^, Co^^) show a 
two bauided ’normal’ spectra in the visible region typical of a 
metal loporphyrin. The absorption bands of ZnMSII and Zi^SIII 
show a red shift of 7-11 nm (Table 6.4) relative to ZnTPP 
suggesting a slight distortion in these cases. However, the 
magnitude of shifts observed upon axial ligation of pyridine to 
form a penta co-ordinate complex are comparable to those of 



ZnTPP. This observation clearly demonstrates that the strapping 
groups in these isomers essentially does not interfere with the 
incoming axial ligand which is in line with the X-ray structure 
of Zn'^^ derivative of hexyl bridged isomer.®^ The oxidation of 
Co^"^ porphyrin to its Co"^^ derivative in presence of pyridine is 
well documented in literature and the observation made in the 
present study for pyridine binding to CoMSII and CoMSIII are 
consistent with literature reports. 

(c) Electrochemistry 

The shifts in the redox potentials (Table 6.5) of the basket 

handle porphyrins are quite significant. Thus, the easier 

oxidations relative to H 2 TPP are interpreted in terms of loss of 

coplanarity resulting in decreased electron delocalisation. 

Support for this also comes from the electrochemical behaviour 

and X-ray structure of the pyrrole strapped porphyrins. The 

harder reductions relative to H 2 TPP is attributed to the 

destabilisation of the porphyrin anions and dianions due to the 

lack of solvation caused by steric hindrance of the strapping 

group. The fact that the potential shifts for the formation of 

dianions are significantly larger (230 mV for PSI, 120 mV for 

MSII and MSIII) than those observed for the formation of 

monoanions (160 mV for PSI, 90 mV to MSII and 110 mV for MSIII) 

is in accordance with the increased charge in dianions. This is 

also consistent with the shifts observed for reduction in Fe(II) 

211 

derivative of ether linked basket handle porphyrins. 

In CoMSII, the metal centered oxidation and reduction peaks 
occur at potentials less anodic to the corresponding porphyrin 
ring oxidation and reduction. This suggests that the first 



Table 6.5: Electrochemical redox data of free base and metallo derivatives of 
short chain Basket handle porphyrins in CH 2 CI 2 . 
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Potentials in volts vs. Ag/AgCl. 



oxidation and reduction occur from the metal centered molecular 
orbital Ai(da2) in CoMSII is situated above the filled A 2 
orbital and below the TT ) orbitals of porphyrin rins. For 
ZnMSII, no reaction at the central metal are likely and both 
oxidations and reduction occur at the porphyrin ring in line with 
the general behaviour of Zn(II) porphyrins. 

6.4 PART B-. EXCITED STATE PROPERTIES 
6.4.1 RESULTS- 
(a)Emlsslon Spectra 

The room temperature emission spectra of the basket handle 

2 + 

porphyrins and their Zn derivatives are shown in fig. 6.6 and 
the emission data evaluated from these are tabulated in table 
6.6. The general features of these findings can be summarized as 
follows; (a) The fluorescence intensity of the basket handle 
porphyrins are quenched considerably and the emission meucima are 
shifted to red relative to the parent H 2 TPP or ZnTPP. (b) The 
ratio of intensities of the emission bands Q(0,0) ®(0,1) ai*® 

noticeably different; the magnitude of red shift and the 
intensity decrease are dependent on the nature of the isomer and 
the maximum effects are observed for PSI. (c) The ♦t'® and Kf 
increases and decreases respectively for the free bases relative 
to H 2 TPP with exception of MSI I isomer and the magnitude of Kf is 
proportional to extinction coefficients of the lowest energy Q- 
bands and vary as MSII > MSIII > PSI ( S for MSII, MSIII and PSI j 
are 3.74 x 10^, 2.54 x 10^ and 1.24 x 10^ respectively). (d) The 

[ 

rate of intersystein crossing increases more than three 

fold relative to H 2 TPP. A comparison of the ground and excited 
state redox potentials of the basket handle porphyrins and their I 



INTENSITY (Arb. units) 



Fig. 6. 6 Emission spectra of H 2 TPP (1. 76xlO"^M) , MSII ( 1 . 47xlO'^M) 
MSI 1 1 (1.36xl(r5M) and PSI (2.04xlCr5M) in CHCI 3 . 

Insert, ZnMSII (3.59xlO"^M) ( ); Zn MSIII (5.54 x 

M) ( ) in chloroform and ZnMSII (4. 85xl0r5M) 

( ), and ZnMSIII (5.48x10 ^M) (- ■) in Benzene. 



Table 6.6: Slnalet excited state parameters of basket handle porphyrins. 
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from Ref . 43 



2 ^ 

Zn derivative with H 2 TPP are shown in Fig. 6.7. It is obvious 

from the figure that the free base derivatives are better 

oxidants and reductants in the first singlet excited state than 
2 + 

their Zn derivatives. 


(b) Triplet KSR 

Fig. 6.8 and Fig. 6.9 shows the low temperature high field 

ESR spectra of triplets of PSI, MSII and MSIII randomly oriented 

in Toluene; CHCl3(l:2) with and without modulation respectively. 

In general, the high field ESR spectrum of randomly oriented 

triplet state molecules consists of three pairs of symmetrically 

disposed lines, each pair corresponding to those molecules for 

which one of the magnetic axes is nearly parallel to the applied 

213 

magnetic field. The two lines in each pair correspond to the 

transition between high field spin states; 10> < > l+> and 

10> ^ > !“>. The separation between the pairs of lines are 

given by 2D amd D ± 3E where D and E are zero field splitting 

014 

(ZFS) parameters. Table 6.7 lists the values of the D and E 

parameters derived from the spectra shown in Fig. 6.8. Also, for 

comparision the ZFS parameters of the photoexcited triplets of 

H 2 TPP, structurally related compounds H 2 TPC (tetraphenyl- 

chlorin), H 2 TCP (6, 10, 15, 20-tetra crown porphyrin) and H 2 TPPS 

(5, 10, 15, 20-tetra(p-sulfonato)phenyl porphyrin are included in 

table 6.7. Our earlier ESR studies of the triplets of H 2 TPPS 

with the magnetophotoselection technique established that the 

outer pair of lines (Z-peaks) are given by molecules oriented 

with the molecular plane perpendicular to the magnetic field 
215 


direction. 



Fig. 6.7 Comparison of ground and excit.ed state redox potentials 
of basket handle porphyrins with H 2 TPP. 


Ag/AgCl vs Volts 




Fig. 6.8 Triplet ESR spectra of PSI, MSII and MSIII in CHCI 3 

Toluene (2:1) at 1©0K. Microwave power 5.0 mW, field 
madia, I at i. an ZQ2. .LIO-Q £E 2 LL>. excitation with square wa vg 
madialat^d 1 6 .3 BZl ll^it ai an argon lan lasar 
ran. 0 . 5 V) . Absorption and emission peaks have been 
labelled a and e, respectively. Approximately ~lxlCr^M 
solution was used for recording the spectra. 
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Table 6.7*. Zero field splitting paraneters (10 
basket handle porphyrins 


c® of various 


Porphyrin 

D 

£ 

X 

Y 

Z 

Ref . 

PSI 

317 

66 

171 

40 

-211 

this work 

MSI I 

347 

90 

206 

25 

-231 

this work 

MSI 1 1 

369 

91 

214 

32 

-246 

this work 

H 2 TPC 

364 

63 

184 

58 

-242 

232 

H 2 TPP 

383 

78 

205 

50 

-255 

233 

H 2 TCP 

377 

79 

205 

46 

-251 

226 

H 2 TPPS 

391 

75 

205 

56 

-261 
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As can be seen in table 6.7, the D values for all the short 
chain basket handle porphyrins are lower (4-19%) than the values 
obtained for the parent H 2 TPP. The magnitude of the decrease 
varies with the structure of the isomer. D for MSI 1 1 is 
comparable to the value observed for H 2 TPC^^® while for MSI I and 
PS I the values differ substantially. 

The E-values for MSII and MSIII are slightly larger than the 
value found for the parent compound H 2 TPP, while for the PSI 
isomer a slight decrease is observed. The spin polarization 
pattern of all the isomers is same (eaeaea) as that observed for 
H2TPP.^^^ 

6.4.2 DISCOSSIOM 
(a) Enlssion Studies 

The queuitum yield data in the table 6.6 reflect the strong 

fluorescence quenching in the basket handle porphyrins which vary 

as PSI < MSIII < MSII. This cannot be solely due to the ortho 

substituent effect on the H 2 TPP since the ortho methyl 

substituent on the phenyl ring of H 2 TPP decreases the quantum 

yield only by about 7% which is far less them the observed 60-90% 

21 B 

reduction for different isomers. It is interesting to note 

that the decrease in the quantum yields are comparable to those 
observed for ortho substituted halogens on H 2 TPP which show the 
heavy atom effect. Alternately, this has to be attributed to 
the distortion of the porphyrin skeleton due to the short 
strapping group. Many covalently linked porphyrins containing a 
wide variety of linking groups (having both electron donating and 
electron withdrawing properties) exhibit strong fluorescent quen- 
ching and the quantum yield of these compounds are a function of 

219-221 

distance between the porphyrin ring and the capping group. 



An in-tramolecular electron transfer has been proposed as 

quenching mechanism in most of the cases which has been recently 

222 

verified by EPR and picosecond transient absorption and 

223 

fluorescence studies. 

o 

The natural radiative life time ( T ) increases for PSI and 

o 

MSI I I relative to the reference compound H 2 TPP. T estimated for 

H 2 TPP (123 ns) in the present study using Strickler-Berg equation 

is in good agreement (129 ns) with those reported by Gouterman 

70 

and workers using the same equation. Also, the rates of 

fluorescent decay (Kf) and intersystem crossing (Kigc) decreases 
and increases relative to H 2 TPP respectively. Thus the decrease 
in the quantum yield of PSI and MSIII is attributed to the 
combined effect of increased natural radiative life time and the 
enhanced rate of intersystem crossing from S ][' — ^ Tj. For the 

O 

MS 1 1 isomer there is a slight decrease in the T relative to 

H 2 TPP but the magnitude of increase is same as found for PSI 

and MSIII. This suggests that the rate of radiationless decay 

83 

from Sq is slightly enhanced in this isomer. However, 

A 

the presence of a charge-transfer state between Si( TT , IT ) and 
Sq is highly unlikely. 

px 

Introduction of Zn* ion into the free base MSII decrease 

the quantum yield by 35% relative to free bas MSII with a small 

change in . However for ZnMSIII, an anonymously high quantum 

yield has been observed and infact this is about 16% higher than 

2 + 

the free base MSIII. Generally, introduction of Zn ion to a 
porphyrin ring results in a decrease in quantum yield and the 
observation for ZnMSII is consistent with this. The reason for 



high quantum yield of Zn MSIII is not clear at this time. Since 
the closed shell porphyrins are known to phosphoresce at low tem- 
perature, it is interesting to see whether high phosphorescence 
yield complement the relatively low fluorescence yields. Another 
note worthy result in the Zn derivatives of MSI I and MSIII is 
the observation of a weak emission band at 450 nm (ZnMSIII) and 
447nm (ZnMSII) upon excitation in soret region. The rough 
estimates of quantum yield is of the order of 0.0001 in both the 

cases. This has been tentatively assigned to the S 2 > Sq 

224 

emission. S 2 emission has been observed in many Zn porphyrins 

including the ZnTPP which show an emission maxima for S 2 > Sq 

emission at 440 nm. 

(b) Excited State Potentials 

The details of the calculating potentials are described in 
chapter 2. The singlet excited state potentials were estimated 
under the asstamption that the excited states are not very much 
distorted relative to the ground state. This method has been 
used earlier for porphyrin systems, ’ A comparison of these 

potentials displayed in fig. 6.7 revealed the following. (a) 
Free base derivatives are better oxidants emd reductants in the 
excited state than their Zn derivatives, (b) Among the free base 
derivatives; PSI is the better electron donor in the excited 
state. Thus, it appears that the distortion of the poiphyrin 
skeleton leads to better electron donating ability with the 
excited state reduction potential getting 225, 126 and 140mV 
less positive for PSI, MSII and MSIII respectively relative to 
planar H 2 TPP. Even in the grovmd state these distorted 
porphyrins are easier to oxidize relative to planar H 2 TPP. This 



is in keeping witli the recent theoretical prediction on nonplanar 
176 

porphyrins. Since the energy of the first excited states in 

these distorted porphyrins are infact lower than that of H 2 TPP, 
an oxidative quenching is expected rather than an energy transfer 
for the bimolecular reaction involving the porphyrin and the 
quencher. 

(c) Triplet ESR: 

A comparison (Table 6.7) of D values of H 2 TCP (in which four 
crown ether rings are substituted at the meso position) and 
H 2 TPPS (in which four sulfonato groups are attached to the para 
position of the meso phenyl ring) with H 2 TPP show negligible 
differences (table 6.7). This shows that substituents at the 
meso phenyl ring do not alter the delocalization in the porphyrin 
triplets significantly. In H 2 TPG, the reduction of the one of 
the pyrrole rings perturbs the electron spin delocalization to a 
slightly greater extent and this is reflected in a small 

decrease in D value relative to H 2 TPP (^D = 19 x 10 ^ cm ^). 
The change in D value observed on going from H 2 TPP to MSIII is 
comparable to this ( A D = 14 x 10 ^ cm ^). However, for MSII 

(Ad = 36 X 10"^ cm“^) and PSI ( AD = 66 x lO"^ cm"^) the 

decrease in D values is two to three times larger in magnitude 
indicating a more significant disruption of electron spin 
delocalization. 

The changes in the triplet spin density distribution are 

reflected in changes in the ZFS parameters D and E which 

227 

characterize the dipolar spin Hamiltonian , The parameter D is 

a measure of the distance between the two unpaired electrons. E 

227 

is a measure of the inplane anisotropy of spin distribution. 



An inspection of the table 6.7 shows that in general, there is a 

decrease in D values of all basket handle porphyrin relative to 

that of the parent H 2 TPP suggesting an increase in the average 

separation between the unpaired electrons. 

The observed reduction in D value can have a number of 

origins. Our earlier ESR studies of the photoexcited triplet ESR 
1 fiO 9 PR 

of H 2 TPPS, H 2 TCP and studies of photoexcited triplets of 

P 1 3 P 1 R 

natural chlorophylls ’ have shown considerable reductions 

(~20%) in D values relative to their monomeric parent analagoue. 

In these cases, the reduction in D values have been explained 

invoking a dimeric structure and mechanisms such as; (a) 

localized triplets (under very weak coupling conditions i.e., J < 

D where J is exchange coupling), (b) Triplet exciton (J is of the 

order of D) and (c) radical pair mechanism (J >> D) have been 

160 213 216 

used to account for the reduction in ZFS parameters. ’ ’ 

Apparently, the reduction in D observed in the present study 

cannot be explained in terms of dimeric structure. 

The observed reduction in D probably is due to the fact that 

the porphyrin ring is not a rigid structure so that its geometry 

can be modified by intermolecular interactions. In TPP systems, 

227 

as pointed out by Van der Waals et al. , a lowering of D value 
is expected on (i) delocalization of the 7F -electrons into the 
phenyl groups and (ii) when the porphyrin ring becomes 
noncoplanar. KMR studies of these porphyrins have indicated 

that the meso-phenyl ring is under considerable strain at least 
in the PSI isomer, because of the tension imposed by the bridging 
chain. This might reduce the dihedral angle between the phenyl 
and porphyrin planes thus allowing increased spin delocalization 
into the phenyl rings. The large red shifts of both the Soret 



and Q-bands in the optical spectrvun relative to H 2 TPP supports 
this observation. Thus it is likely that atleast in the PSI 
isomer, spin delocalization into the phenyl ring is increased 
which would account inpart for the observed reduction in D value 
data from optical spectra, and electrochemical studies of these 
systems provide strong evidence that the porphyrin plane is 
significantly distorted in these basket handle porphyrins and the 
most pronounced effects are observed for PSI, It is noted that X- 
ray structure of a free base capped porphyrin (which has bridging 
group similar to the one in the molecules considered here) shows 
that the porphyrin skeleton is markedly nonplanar with buckling 
of the porphyrin plane. Thus, the reduction in D values 

observed in the present study is attributed to the structural 
change induced by the introduction of short phenylenedimethylene- 
dioxy chain across the porphyrin periphery. 

A reduction in D value was also observed when the pyrrole 

rings in TPP were substituted by strong electron withdrawing 

CN groups. For example substitution of two CN groups on the 

opposite pyrrole rings reduces D value by 20 % while introduction 

of four CN groups symmetrically on four pyrrole rings in ZnTPP 

reduces D by about 33%, Furthermore, the substitution on the 

pyrrole ring causes significant changes in the electronic 

structure of the porphyrin ring by altering the energies of TT - 

230 231 

molecular orbitals. ’ The observation that the magnitude of 

D decrease for PSI isomer in the present study is comparable to 
that observed for substitution of two CN groups on pyrrole ring 
of TPP suggests a significant rearrangement of energies of TT - 
molecular orbitals in this isomer relative to that of H 2 TPP. 
This is also consistent with electrochemical studies. However, a 



quantitative understanding of this is possible only- when a 

theoretical frame work for calculating D and E from molecular 

TT ~ electron wave functions are available. The E parameters 

change only slightly in these isomers relative to H2TPP 

indicating that the inplane ssnametry of the spin distribution is 

not appreciably disturbed by the introduction of the bridging 

group. The intersystem crossing (isc) process generating the 

triplets and the triplet decay process is known to be spin 
227 

selective . For porphyrins, in dilute frozen solution at lOOK, 
the relative magnitudes of the triplet lifetime and electron spin 
relaxation time (Tj^) are such that, even under steady state 
illumination, thermal equilibri\am is not established. With light 
modulation coupled with synchronous detection using a Lock-in- 
amplifier the spin polarization effect is enhanced strongly. 
This accounts for the observation of absorption (a) as well as 
emission (e) signals in the ESR spectra. The spin polarization 
pattern observed in the spectra of all three isomers, eaeaea 
corresponds to that found in the parent H2TPP. Even H2TPC show a 
similar polarization pattern. The pattern shows that the 

middle (Y) zero field spin level is the most active (following 
the convention, the order of the energy levels is chosen, 

Tx>Ty>T2) in the triplet state Tj >■ Sq inter system crossing 

in the basket handle porphyrins relative to the other two states 
(X and Z). 

6.5 OONCLOSIONS: 

The short phenyl enedimethylenedioxy bridging chain enforces 
considerable distortion in the porphyrin skeleton of basket 
handle porphyrins as evidenced by their spectroscopic and 



electrochemical behaviour. This inturn reflects significant 
changes in the energies of TT -molecular orbitals of the 
porphyrin ring. The studies of substituent effects on H2TPP have 
clearly demonstrated that the substituent on the pyrrole ring 
influence the electronic structure of the porphyrin ring more 
significantly than the substituent on the phenyl ring. It should 
be pointed out here that the magnitude and direction of the redox 
potential shifts observed in the present study are comparable to 
those observed for pyrrole substituted H2TPP suggesting 
significant changes in the electronic structure of the porphyrin 

2Q DV 

ring in these basket handle porphyrins. However, the limited 
studies does not allow any direct correlation between the 
electronic structure and the degree of distortion in the 
porphyrin skeleton. Also it has been shown that the excited 
state properties of porphyrins can be significantly altered in 
the nonplanar conformation relative to its planar conformation. 
However, a detailed understanding of the nature of the 
photophysical processes in this class of molecules requires 
further accvunulation of quantitative experimental data. It is 
hoped that a better understanding is possible by synthesizing and 
studying variety of short chain basket handle porphyrins by 
changing the nature of the bridging group as well as the chain 
length , 



CHAPTER 7 


SUHHARY 

The present study has characterized the electronic 

interactions between the tetrapyrrole pigments and the 

conventional electron acceptor/donors and between two 

phthalocyanine units oriented in a face to face geometry using 

metal loporphyr ins and metal lophthalocyanines as the model 

compounds. The choice of these model compounds are appropriate 

because of their similarity in structure with natural hemes. 

Also, it has been shown how the photophysical and electrochemical 

properties can be modified by making the porphyrin skeleton 

nonplanar. The structural characterization of the model 

compounds includes many spectroscopic techniques i.e., optical 

1 19 

absorption, emission, H and F NMR, ESR and photoexcited 
triplet ESR. 

The first part of the work has shown that the IT- IT 
interaction between donor euid acceptor are metal dependent for 
example Cu and Zn porphyrins form only charge- treoisfer 

Ox 

complexes while Co porphyrins undergo oxidation after the 

234 

initial charger- transfer complex formation. Gouterman et al. 
have carried out extensive theoretical calculations on the 
electronic structure of porphyrins and their metal derivatives. 
It has been shown that the highest occupied molecular orbitals 
[HOMO] of the free base porphyrin, aj^ and a2u» essentially 

degenerate. Further, the two HOMO’S are characterized by the 
magnitude of the coefficient of Pg orbital. The orbital a^^ has 
large coefficient of Pg on and atoms while a2u has the 



large coefficien't of on nifirogen and iDeso~carbon aboms. 

Photoelectron spectral studies^^^ of the porphyrin and its metal 

derivatives revealed reasonable agreement with the predicted 

ionization energies of the HOMO’s. The experimentally observed 

TT-orbital ionization energies are grouped into 7 sets. The lowest 

energy peaks around 6.4 to 6.8 eV are assigned to the electron 

ionization from eiu ®2u orbitals. The third ionization 

around 7.8 eV is shown to be dependent on the nature of the metal 

ion. These ionization energies of the donor porphyrins are 

useful in the prediction of charge transfer transition energy, 

h*^ CT also the symmetry of the donor orbital involved in the 

TT -overlap with the acceptor. There exist various emperical 

equations relating h^^CT to the ionization energy of the donor, 

electron affinity of the acceptor and the coefficients to take 

into account the energies of the charge -transfer excited states. 

236 

Here we employed the following empirical equation to calculate 

■N 2 + 

hv QY of the charge -transfer complexes formed by BFO with Cu 
2 + 

and Zn porphyrins. 

h*i) CT = al® + b 7.1 

where is the ionization energy of the donor, a and b are 

constants for a given acceptor. The values of a and b taken for 
BFO are 0.89 and -4.25 eV respectively [since BFO is 
structurally similar to trinitrobenzene (TNB), the a and b values 
reported for TNB is used]^^®. The values of h*^ CT "were then 
computed for different . ionization energies of the porphyrin 
(table 7.1). It is seen from the table that the position of -the 
expected charge-transfer band depends upon the ionization 
potential value used. The use of first ionization potential 



Table 7.1: Calculated spectral data of the charge-transfer complexes 
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value of the metal loporphyr ins predicts the charge-transfer band 

at BOB nm and 843 nm for Cu^'*’ porphyrin and porphyrin 

respectively, while the use of III ionization potential values 

which are metal dependent predicts the charge-transfer band at 

2 + 2 + 

467 and 465 nm for Cu and Zn porphyrins respectively. This 
is consistent with the prediction of Gouterman et al.^^^ in an 
earlier work, that the charge transfer transition for the TNB 
complexes lie around 500 nm, probably hidden in the intense 
absorptions of porphyrins in this region. This is also 

consistent with metal dependence of association constant of TNB 
complexes reported earlier. 

The aerobic and anaerobic oxidation of cobalt(II) 

29-33 

protoporphyrins in presence of molecular oxygen and various 

amine ligands is known to proceed readily. Spectrophotometric 
measurements show that the final product is hexa co-ordinated 
[L 2 Co( III )?]■*■ complex. The rate of [L2Co(III)P3^ formation 
increases with increasing entering ligand concentration and 
decreases when the oxygen content is lowered. When O 2 is 

completely removed no [L 2 Co( III)?]"*^ is formed. The reaction is 
very strongly proton catalysed. Furthermore, the rates are 
dependent on basicity and IT -bonding characteristics of the 

ligeuids. However in the present study it has been shown that in 
the presence of electron acceptor Co (II) porphyrins undergo 
oxidation to Co (III) porphyrins. Even in the absence of 
molecular oxygen it has been shown that the oxidation is taking 

place, though not completely. The mechanism of oxidation is not 

clear at this time except to state that the presence of molecular 
oxygen promotes the equilibrivim to the right hand side. The 
observation for Co(II) tetraphenylchlorin that the ring oxidation 



is prior to the metal oxidation is consistent with the oxidation 
potentials. The last part of this section describes the 
interaction of electron donors with water soluble 
metal 1 ©porphyrins and it is interesting to . note that the 
complexes formed are of TT-TT type with extensive stacking 
inspite the presence of strong donor sites in the nucleic acid 
bases . 

The second part of this thesis deals with the interaction 

between the two TT ~ systems. It has been shown that there is a 

strong coupling between the chromophores with perturbation in the 

electronic structure. This perturbation is seen in the spectral 

shifts upon going from monomer to dimer. It has been found that 

the dimerization can be promoted by presence of cations and also 

by specific solvent compositions. Apparently the role of cation 

is to complex with the crown ether moieties attached to the 

phthalocyanine rings. This affinity of cations for crown ethers 

brings the two phthalocyanine units in a face to face orientation 

promoting the electronic interactions between the two "H - 

systems. The interaction between two IT - systems is also 

2+ 2+ 

reflected in the EPR spectrum of Ag euid VO derivatives of 
tetracrowned phthalocyanines . Thus, these are ideal 
spectroscopic probes to study interaction between the two metal 
centers. The observed metal -metal distances are in agreement 
with the literature data for similar systems. The fact that the 
observed optical spectral shifts can be satisfactorily accounted 
interms of exciton coupling theory indicate that the dipole- 
dipole interaction between the transition moments associated with 
the optical transitions in the dimer constituents are dominant. 



The last part of the thesis describes the effect of 
nonplanar conformation of the porphyrin skeleton on the 
spectroscopic properties. In view of the recent realization of 
importance of nonplanar conformations of porphyrin system to its 
function, such studies are important. However, the 
understanding of importance of nonplanar conformation of 
macrocyclic systems is still at its infancy and more 
spectroscopic probes are needed to aid the evaluation of the 
importance of these structures in the function of many natural 
systems. In this regard many workers have started synthesizing 
and characterizing a variety of nonplanar porphyrin systems and 


the present work has added some input to an understanding of the 
spectroscopic properties. It has been clearly shown that the 
spectroscopic properties of the porphyrin skeleton can be 
significantly altered in a distorted conformation. Introduction 
of short bridging chains has proved successful in inducing 
distortion. However, more systematic investigvation by varying 
the ’ chain lengths and the nature of the chain would throw 
more light on an understanding of spectroscopic properties. 

The research work reported in this thesis describes the 
results obtained in three different directions i.e. simple charge 
transfer complexation as well as characterization of charge 
separated species, the dimer hypothesis and the electronic 
coupling between two ring systems. Also a comparision of 
spectroscopic amd electrochemical properties of planar and 
distorted porphyrins have yielded valuable information. Further 
studies such as oxygenation of Iron derivatives of this 


porphyrins and reaction of these porphyrins with small molecules 
such as CO. NO, would add more to an understanding of the 



spectral properties. It is hoped that in future 
measurements would be takenup in this laboratory. 


such 
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